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The Cretaceous-Paleogene (K-Pg) boundary interval represents one of the most 
significant periods of biological turnover in Earth history. Earliest Paleocene fossil 
mammal faunas corresponding to the Puercan North American Land Mammal Age 
(NALMA) are thought to be highly endemic and potentially diachronous, necessitating 
precise chronostratigraphic controls at key fossil localities to constrain recovery 
dynamics following the K-Pg mass extinction. The Laramide synorgenic sediments 
within the Denver Basin preserve one of the most continuous and fossiliferous records 
of the K-Pg boundary interval in North America. However, poor exposure in much of the 
Denver Basin makes it difficult to correlate outcrops via surface exposure. In order to 
relate fossil localities across the basin, previous studies have relied upon 
chronostratigraphic methods such as magnetostratigraphy. Here we present a new 
high-resolution magnetostratigraphy of 10 lithostratigraphic sections spanning the K-Pg 




of the Denver Basin. Fossil localities from Corral Bluffs have yielded limited dinosaur 
remains, mammal fossils assigned to the Puercan NALMA, and numerous fossil leaf 
localities. Palynological analysis identifying the K-Pg boundary in three sections and a 
new 66.253 ± 0.031/0.045/0.084 Ma 206Pb /238U ash date, provide key temporal 
calibration points. Our paleomagnetic analysis has identified clear polarity reversal 
boundaries from Chron C30n to Chron C28r across the sections. It is now possible to 
place the fossil localities at Corral Bluffs within the broader basin-wide 
chronostratigraphic framework and evaluate them in the context of K-Pg boundary 










The Cretaceous-Paleogene (K-Pg) boundary is associated with one of the most 
significant periods of biological turnover in Earth history. It corresponds to one of the 
three largest mass extinctions and is followed by a profound adaptive radiation of 
modern taxa, most notably mammals, in the Paleocene (Schulte et al., 2010; Halliday et 
al., 2017). While the drivers and behavior of the K-Pg mass extinction is the subject of 
active and extensive discussion in the literature (Alvarez et al., 1980; Schulte et al., 
2010; Schoene et al., 2015, 2019; Sprain et al., 2019), the recovery dynamics in the 
subsequent earliest Paleocene have received much less attention. A more 
comprehensive understanding of the recovery after the rapid and catastrophic end 
Cretaceous mass extinction may provide insights about how the modern biosphere will 
respond to the ongoing anthropogenic driven extinction event.  
Numerous vertebrate fossil localities spanning the Late Cretaceous to Paleocene 
have been identified within western North American interior basins (Eberle and 
Lillegraven, 1998; Clemens, 2002; Eberle, 2003; Lofgren et al., 2004; Middleton et al., 
2004; Wilson, 2013). The mammalian faunas comprising the Puercan North American 
Land Mammal Age (NALMA) are especially significant as this interval coincides with the 
onset of biotic recovery immediately following the K-Pg mass extinction (Lofgren et al., 
2004). While the western interior of North America includes the best collection of early 




overall availability of fossil material remains limited. The identification of new localities 
and continued sampling of existing localities is critical to isolating the factors driving the 
recovery following the K-Pg mass extinction. Moreover, temporal constraints provided 
by high-resolution chronostratigraphic studies are critical to pace the recovery within 
continental strata. Puercan mammalian faunas are highly endemic making it difficult to 
identify biostratigraphic patterns across the region, further necessitating the use of 
chronostratigraphic methods that are independent of biostratigraphy in order to properly 
deconvolve the regional scale drivers of recovery (Lofgren et al., 2004). 
Magnetostratigraphy is commonly used for this purpose. This method correlates an 
observed pattern of paleomagnetic polarity reversals in a stratigraphic sequence to the 
independently dated Geomagnetic Polarity Time Scale (GPTS; Gradstein et al., 2012; 
Ogg, 2012), thereby constraining a stratigraphic section to a well-calibrated time 
interval. 
The Laramide synorgenic sediment sequence within the Denver Basin 
represents one of the best terrestrial records of the K-Pg boundary in the world with 
observed Osmium and Iridium anomalies, shocked quartz, extinction of flora and fauna, 
and a spike in abundance of fern spores that are commonly used as indicators of the 
boundary (Nichols and Fleming, 2002; Barclay, 2003; Raynolds and Johnson, 2003; 
Zaiss et al., 2014).  Several important megafloral and vertebrate paleontological 
localities have been identified within the basin; however, the Denver Basin is relatively 
under-sampled in comparison to coeval sites in the San Juan Basin of New Mexico and 




2013; Smith et al., 2018). There are 231 Puercan-aged mammal localities globally 
recorded in the Paleobiology Database, 185 of which are in the Rocky Mountain region 
of North America, and of these, 101 sites are from New Mexico, North Dakota, and 
Montana (Paleobiology Database accessed on 2/21/2019). 
Previous discoveries of an in-situ rainforest at Castle Rock and the anomalously 
high mammalian diversity of the Littleton Local Fauna, both in the Denver Basin, allude 
to the incredible potential this region has in yielding informative fossil material to help 
elucidate the post K/Pg extinction recovery dynamics within the central western interior 
of North America (Johnson and Ellis, 2002; Ellis et al., 2003). A barrier to developing a 
coherent stratigraphic framework for existing and new fossil localities in the Denver 
Basin is the disparate nature of exposure making it difficult to tie localities to one 
another via lithostratigraphy. Fortunately, magnetostratigraphy calibrated through 
palynology and radiosotopic ages can surmount this barrier and provide an independent 
chronology of biologic turnover in the Denver Basin. 
Much of the previous paleontological and chronostratigraphic work in the Denver 
Basin has been focused in the central portion of the basin in and around Denver, 
highlighting the need for more detailed and expansive prospecting and stratigraphic 
correlation in other parts of the basin (Hicks et al., 2003; Clyde et al., 2016). Previous 
studies have identified Late Cretaceous through Paleocene fossil leaf localities and 
Puercan mammal localities at the Jimmy Camp Creek and Corral Bluffs field site 
(hereafter referred to as “Corral Bluffs”), located east of Colorado Springs in the 




study seeks to construct a high-resolution chronostratigraphy for the Corral Bluffs area 
so that existing and future Late Cretaceous-Paleocene fossil localities can be placed in 
a precise temporal context. This will be achieved through compiling a 
magnetostratigraphic framework calibrated by U/Pb geochronology and a 
palynologically determined K-Pg boundary. This new chronology for Corral Bluffs will 
allow the lithostratigraphic units and associated fossil localities within this field area to 
be tied into the broader basin-wide chronostratigraphic framework, which will ultimately 
help better constrain the timing and drivers of the post-K-Pg extinction recovery in this 
region.   
 
1.1 Extinction and Recovery across the K-Pg Boundary 
Mass extinctions are typified by an initial catastrophic loss of diversity that is 
followed by a low-diversity “recovery” interval dominated by survival taxa (Erwin, 2001; 
Hull et al., 2015). The detailed patterns of biologic recovery following the K-Pg mass 
extinction, however, are complicated and subject to regional variability. For example, 
there is ongoing debate as to whether distance from the Chicxulub impact site can 
serve as proxy for the severity and timing of biotic recovery across the K-Pg boundary 
(Witts et al., 2016; Lowery et al., 2018). A recent study of the diversity of benthic 
organisms within the Chicxulub Crater concluded that biologic productivity and diversity 
had recovered within 30 kyr, in contrast to sites in the other parts of the Gulf of Mexico 
that took 300kyr or more to return to pre-impact levels (Lowery et al., 2018). The record 




between and within ocean basins as some sites (e.g. NW and SE Atlantic and Indian 
Ocean) showed a conspicuous drop in primary productivity and export productivity that 
remained low for up to 2 myr after the boundary, whereas others (e.g. central Pacific) 
showed no such decline (Hull and Norris, 2011). These studies suggest ecological 
processes were more important in the post K/Pg. extinction recovery than was proximity 
to the impact crater (Lowery et al., 2018).   
Furthermore, benthic communities in northern Europe and Antarctica 
experienced high levels of extinction whereas corals globally experienced less 
significant levels of extinction (Håkansson and Thomsen, 1999; Kiessling and Baron-
Szabo, 2004; Witts et al., 2016). Additionally, the recovery of molluscan fauna in the 
early Paleocene varied regionally as the Gulf Coast of North America showed an 
increase in opportunistic ‘bloom taxa’ in the early Paleocene but similar bloom taxa are 
not observed in northern Europe, northern Africa, or Pakistan (Jablonski, 1998). 
Jablonski (1998) documented that, contrary to the notion that tropical fauna would be 
the most sensitive to mass extinction, many molluscan immigrants in the Gulf Coast that 
define the bloom taxa are from the tropics. Corals likewise show an increase in diversity 
of new Paleocene taxa centered at low latitude, tropical environments (Kiessling and 
Baron-Szabo, 2004).  
The southern hemisphere is reported to have experienced lesser degrees of 
paleoflora extinction in the terrestrial realm compared to those in North America (Erwin, 
2001; Iglesias et al., 2007; Clyde et al., 2014). Paleocene plant-insect associations in 




~9 million years for the western interior of North America (Donovan et al., 2018). 
Paleofloral assemblages in New Zealand show a mass-kill event at the K-Pg but with 
much lower overall extinction than observed in North America (Vajda and McLoughlin, 
2007).  
A spike in the abundance of fern spores relative to angiosperm pollen at the K-Pg 
boundary known as the ‘fern spike’, first observed in the western interior of North 
America, is globally representative of paleofloral turnover across the boundary (Tschudy 
et al., 1984). Angiosperms experience a drop in diversity globally albeit, with a much 
more muted loss of diversity in the southern hemisphere (Nichols and Fleming, 2002; 
Vajda and McLoughlin, 2007). Recovery of paleoflora vary regionally as sites in Spain, 
and New Zealand experienced fairly rapid recovery in terrestrial vegetation compared to 
slower recovery in North America (Mizukami et al., 2013; Vajda and Bercovici, 2014).  
The K-Pg boundary in the western interior of North America is associated 
regionally with a loss in characteristic Cretaceous (K) taxa of which all but one is an 
angiosperm (Nichols and Johnson, 2002). This is followed in turn by the fern spike 
interval representing the first few thousand years after the bolide impact during which 
pioneer flora dominate, followed by a low-diversity interval dominated by dicotyledonous 
angiosperms  (Johnson, 2002; Barclay, 2003; Vajda and Bercovici, 2014). Regional 
heterogeneity is also observed in the vegetation of the western interior as localities in 
Saskatchewan, Canada record a mass-kill of standing vegetation but no clear evidence 
of mass extinction of paleoflora (McIver, 1999; Johnson and Ellis, 2002; Vajda and 




Despite ongoing debate as to the origination of crown placental mammals, the 
most important diversification of eutherian mammals seems to coincide with the K-Pg 
boundary (O’Leary et al., 2013; Grossnickle and Newham, 2016; Davies et al., 2017). 
The western interior presents the best-documented record of the K-Pg extinction on 
land as well as the highest density of vertebrate fossil localities spanning the boundary 
(Clemens, 2002). As with the other previously noted groups, the recovery dynamics of 
mammals from the western interior of North America are heterogenous as the speed 
and severity of turnover at the K-Pg boundary differs depending on the spatiotemporal 
resolution of the study (Wilson, 2013; Longrich et al., 2016; Close et al., 2019). In 
general, however, rapid and severe declines in mammalian taxonomic diversity are 
reported across North America during this interval, consistent with mass-extinction due 
to the Chicxulub impactor (Wilson, 2014; Longrich et al., 2016). Mammalian taxa with 
more widely spread geographic ranges and simpler morphologies corresponding to an 
omnivorous feeding mode are associated with a higher likelihood of crossing the K-Pg 
boundary (Wilson, 2013; Longrich et al., 2016). 
The Pu1 (Protongulatum/Ectoconus) land mammal zone diversity trends in the 
western interior mirror that of the paleoflora as it is characterized primarily by low 
ecological and morphological diversity (Wilson, 2014). Opportunistic immigrant taxa 
spearheaded by archaic ungulates are common in the earliest Paleocene, possibly from 
refugia either to the north or south of the western interior (Lofgren, 2004; Wilson, 2014,). 
Assemblages from the Hell Creek region of Montana indicate that recovery of mammal 




to 1myr to recover (Wilson, 2014; Smith et al., 2018). Lillegraven and Eberle (1999) 
noted that the eutherian faunas in the Ferris Formation of the Hanna Basin, the only 
locality currently where Pu1-3 are in direct superposition, do not show significant losses 
at the K-Pg but instead radiate to fill vacant niche space. The onset of the Pu2 
(Ectoconus/Taeniolabis taoensis) interval zone has been noted to coincide with an 
increase in both body size and morphologic complexity of mammals, most notably the 
rapid diversification of archaic ungulates (Lillegraven and Eberle, 1999; Lofgren, 2004). 
The Pu2 and Pu3 (Taeniolabis taoensis/Periptychus carinidens) interval zones also 
coincide with increasing north to south provinciality of mammalian assemblages 
(Lofgren, 2004). The provinciality of Pu2/3 fauna is often exacerbated by stratigraphic 
concerns (e.g. reworking, incision by channels) at important localities (Lillegraven and 
Eberle, 1999). The Pu3 interval continues the diversity trends established during the 
Pu2 interval with considerable compositional overlap between the two intervals (Eberle 
and Lillegraven, 1998). While the onset and tempo of initial recovery for North American 
mammals are still unresolved, by the Pu2/Pu3 transition, mammal communities had 
largely recovered across the western interior and rapidly began to expand into new 
available niche space (Wilson, 2014).  
The global patterns and rates of extinction and recovery during and following the 
K-Pg mass extinction appear to be more stochastic than simply a function of proximity 
to the impact site. Recovery dynamics may instead be primarily governed by biotic 
factors like evolution of novel adaptations and immigration, and high-resolution temporal 





1.2 Geologic Background and Stratigraphy of the Denver Basin 
The Laramide orogeny was characterized by a series of compressional mountain 
building basement-cored uplifts during the Late Cretaceous to Eocene in western North 
America. These uplifts caused adjacent subsidence, resulting in the formation of a 
series of intermontane basins that filled with synorgenic sediments (Yonkee and Weil, 
2015).  
The Denver Basin is a perimeter basin located in central Colorado to the east of 
the Front Range, which defines the western boundary of the basin (Raynolds, 2002). 
Outcrops in the Denver Basin are difficult to correlate lithostratigraphically due to the 
low relief and poor exposure throughout the basin and thus other chronostratigraphic 
methods have been relied upon to correlate between exposures (Hicks et al., 2003; 
Raynolds and Johnson, 2003; Clyde et al., 2016). In addition to the surface outcrops, 
two cores, the Castle Pines Core and the Kiowa Core, spanning Upper Cretaceous to 
Eocene aged units are available. The more western and mountain-proximal Castle 
Pines Core was drilled in 1987 near Castle Pines, Colorado and the Kiowa Core was 
drilled during 1999 in the central region of the basin in Kiowa, Colorado (Robson and 
Banta, 1993; Raynolds et al., 2001). While the two cores sampled the same units, the 
thicknesses of the cores (Castle Pines = 3120 ft; Kiowa = 2256 ft) are evidence of 
eastward distal thinning of the Denver Basin (Raynolds, 2002). This is likely a function 
of greater tectonic subsidence in the region adjacent to the uplift at the time of the 




The Upper Cretaceous, pre-orogenic units in the Denver Basin are the Pierre 
Shale, Fox Hills Sandstone, and Laramie Formation that reflect the regression of the 
Western Interior Seaway (Raynolds, 2002; Figure 1). The Laramide synorogenic strata 
of the Denver Basin are divided into two packages, the D1 and D2 sequences, 
separated unconformably by a distinctive paleosol (Farnham and Kraus, 2002; 
Raynolds, 2002).  
This study is located within the Upper Cretaceous to Lower Paleocene D1 
sequence (Raynolds, 2002; Figure 1). The D1 sequence is composed of 
fluvial/lacustrine sandstone, mudstone, and lignite beds underlain by the Upper 
Cretaceous Laramie Formation and unconformably overlain by the Eocene D2 
sequence. The D1 sequence records the deposition of eroded material from the 
unroofing of the Front Range during the interval from 68 to 64 Ma (Wilson, 2002; 
Raynolds and Johnson, 2003). Four distinct heterolithic facies have been identified 
within the D1 sequence, which is linked to the removal and deposition of sedimentary 
cover, volcanics, and Precambrian basement material from the Front Range (Kelley, 
2002; Raynolds, 2002; Wilson, 2002). The gradational transition from mountain proximal 
alluvial facies to more distal fluvial and paludal facies is indicative of a dynamic 
landscape associated with the active uplift and unroofing of the Front Range at this 
time.  
The facies exposed within the Corral Bluffs area are indicative of a fluvial 
depositional environment with coarse channel sandstones, overbank mud and siltstone 




characterized by stark changes in relief from flat plains with sparse covered outcrops at 
the base of Corral Bluffs and in Jimmy Camp Creek, to steep well-exposed cliffs within 
which most of the paleomagnetic sampling was completed. The outcrops within the 
plains at the base of the bluffs and in Jimmy Camp Creek are less frequent and subject 
to greater variations in dip closer to the contact with the underlying Laramie Formation. 
The structural dip of the bluffs was modeled using three-point problems and DGPS 
elevations and was determined to range from 0.5 to 2 degrees. Beyond our lowest 
sample site in Jimmy Camp Creek (Lyco-Luck section), the structural dips vary from 4 to 
7 degrees. The low relief portion of the field area is extensively covered by quaternary 
alluvium which in conjunction with the highly variable dips in this region, laterally 
discontinuous beds, and isolated outcrops makes correlating between sections difficult.  
 
1.3 Palynology and Paleoflora of the D1 Sequence 
The D1 sequence has yielded numerous fossil leaf localities from the latest 
Cretaceous to earliest Paleocene. Fossil plant localities at Jimmy Camp Creek 
represent the best Late Cretaceous megaflora assemblages in the Denver Basin 
(Johnson et al., 2003). Palyonological identification of the K-Pg boundary within both the 
Kiowa and Castle Pines cores and several surface sections has proven invaluable for 
constraining previous magnetostratigraphic studies within the basin (Nichols and 
Fleming, 2002). The K-Pg boundary, as defined by the contact between the 




inequalis – Discoidites parvistraitus), was determined to lie at 993.85 ft (302.93 m) in 
the Kiowa core and 1410 ft (430 m) in Castle Pines core (Nichols and Fleming, 2002). 
The West Bijou Creek locality records a complete record of the K-Pg boundary 
interval including a 7 cm thick interval of increased fern abundance corresponding to the 
earliest Paleocene fern spike (Barclay, 2003). The Paleocene macrofloral fossil 
assemblages at West Bijou are similar in composition to those found in other western 
interior basins in being characterized by low diversity and dominated by dicotyledonous 
angiosperms. This stands in contrast with the high-diversity mountain proximal 
rainforest discovered at Castle Rock, Colorado (Ellis et al., 2003). This early Paleocene 
(63.8 Ma) angiosperm-dominated community exhibits high spatial diversity and species 
richness, along with distinctive leaf morphologies that are comparable to modern 
equatorial rainforests (Ellis et al., 2003). The diversity and species richness at Castle 
Rock are unprecedented in the western interior in the early Paleocene. The actively 
uplifting Laramide Front Range in the early Paleocene may have provided refugia for a 
more diverse paleoflora community that transition distally into less diverse angiosperm 
dominated flood plain and conifer dominated swamps (Johnson et al., 2003; Barclay, 
2003). The swampy basin interior low-diversity megaflora are similar to the Fort Union 
Flora (FUI) recovery flora observed throughout the western interior (Johnson et al., 
2003).  
 Mean annual temperatures (MAT) determined from leaf margin analysis for the 
early Paleocene from West Bijou and Jimmy Camp Creek range from 18.6 C° to 21.3 




2003). The early Paleocene mean annual precipitation (MAP) ranges from 155 to 169 
cm/yr in West Bijou and Jimmy Camp Creek respectively, to 204 cm/yr at Castle Rock 
(Ellis et al., 2003; Johnson et al., 2003; Barclay, 2003).  
 
1.4 Vertebrate Fauna 
In addition to the numerous paleoflora localities, vertebrate fossils including 
dinosaurs and Puercan mammals have been discovered across the basin. Dinosaur 
taxa similar in community composition to those in the Hell Creek have been 
documented over the last 150 years within the Upper Cretaceous Laramie and lower D1 
formations (Carpenter and Young, 2002).  
The Littleton Local Fauna is an unusually diverse assemblage of early Paleocene 
mammal taxa split between the South Table Mountain and Alexander localities 
(Middleton et al., 2004). The Alexander locality is represented by 21 different 
mammalian taxa thought to represent an intermediate compositional stage between Pu1 
and Pu2 due to the increased diversity relative to other Pu1 sites (Eberle, 2003; 
Middleton et al., 2004). Conversely, the South Table Mountain locality exhibits low 
diversity indicative of Pu1 communities (Dahlberg et al., 2016). Protungulatum donnae 
has been identified within the Denver Basin from two localities, the West Bijou Creek 
locality 12m above the K-Pg boundary, and DMNH locality 2560 which is 9m above the 
K-Pg Boundary (Eberle, 2003; Dahlberg et al., 2016). These localities in the Denver 
Basin represent the southernmost extent of the archaic ungulate’s known geographic 




 Mammalian fossils at Corral Bluffs assigned to the Puercan NALMA have been 
reported by Gazin (1941), Middleton (1983), and Eberle (2003). Crocodilians, turtles, 
fishes and other nonmammalian vertebrate fossils have also been reported from Corral 
Bluffs (Hutchison and Holroyd, 2003; Eberle, 2003). Additionally, fragmentary dinosaur 
bones are present within the Leaf 6 section and were noted below the base of the 
Hawkins section both of which are studied here (Tyler Lyson personal communication). 
The most recent tabulation of the twelve mammal taxa from Corral Bluffs, indicates that 
these assemblages overlap in composition with Pu2 and Pu3 faunas from the Puercan 
type locality in the San Juan Basin (Eberle, 2003). There is difficulty in differentiating the 
mammal taxa at Corral Bluffs into the Pu2 and Pu3 biozones because the Pu3 index 
taxon, Taeniolabis taoensis, has not yet been reported from the Denver basin (Eberle, 
2003; Lofgren et al., 2004). Eberle (2003) noted that the discovery of vertebrate fossils 
at Corral Bluffs is indicative of the site’s potential to yield more material. Further 
paleontological prospecting of Corral Bluffs is necessary in order to definitively ascertain 
the true biostratigraphic affinities of the fossil collections from here.  
 
1.5 Previous Magnetostratigraphic and Radiometric Age Studies 
Two previous magnetostratigraphic studies completed in the Denver Basin have 
laid the groundwork for this project. Hicks et al. (2003) and Clyde et al. (2016) identified 
Chrons C30n-C28r within the D1 portion of the Kiowa core. In addition, Hicks et al. 2003 
identified a short reversed zone at the base of the D1 sequence within the Castle Pines 




core likely due to the presence of a coarse sandstone at the level inferred to have been 
deposited during this interval. The paleomagnetic results from the two cores indicate 
that, while the Denver Basin experiences eastward thinning within the D1 and D2 
synorgenic units, sedimentation was not significantly interrupted during the deposition of 
the D1 sequence (Hicks et al., 2003) 
Despite relatively poor surface exposures around the basin, there are several 
surface sections that have provided reliable magnetostratigraphies. Clyde et al. (2016) 
identified paleomagnetic reversals spanning C29r through C28n in four surface sections 
near the center of the basin. In the Corral Bluffs area, the JCA (Jimmy Camp Creek) 
and JZ (Corral Bluffs) sections of Hicks et al. 2003 overlap with our Lyco-Luck and JZ 
sections and were observed to record the C30n-C29r, and C29n-C29r boundaries 
respectively over the overlapping intervals. 
40Ar/39Ar ages from the base to the top D1 sequence were compiled from 
sanidines within volcanic tuffs and tonsteins (Obradovich, 2002). These dates in 
conjunction with biostratigraphic and magnetostratigraphic controls on the D2 sequence 
calibrated coarsely with one K-Ar age, support continuous sedimentation within the 
basin until the ~8 Myr long unconformity represented by the regional paleosol 
(Obradovich, 2002; Raynolds and Johnson, 2003). U-Pb ages have been presented by 
Clyde et al. (2016) from interbedded tuffs spanning the C30n-C28n from the Kiowa core 
and four surface section and include a 66.021±0.24 Ma absolute age estimate for the K-




Critical to the establishment of a basin-wide chronostratigraphic framework 
spanning the K-Pg boundary interval is the completion of a comprehensive 
magnetostratigraphic study calibrated by precise palynological and radiometric 
constraints in the southern part of the Denver Basin. Previous fossil vertebrate and leaf 
localities discovered at Corral Bluffs allude to the potential of this area to yield highly 
informative assemblages from the latest Cretaceous through the earliest Paleocene. 
Existing chronostratigraphic constraints at Corral Bluffs, however, are inadequate to 
precisely incorporate these important paleontological field sites into the basin-wide 
stratigraphic framework or to provide necessary temporal constraints for future 
paleontological discoveries in this area. The current study aims to develop just such a 



































































































































































2.1 Field Sampling  
  
We collected 548 oriented hand samples from 126 sites in 10 stratigraphic 
sections across the Corral Bluffs field area over the course of the 2017 and 2018 field 
seasons (Figure 1). Thirty-two samples from ten previously unanalyzed sites from the 
Leaf 6 section collected during a 2009 field reconnaissance were also included in this 
analysis, for a total of 136 sites analyzed. Sampling was guided by the previous 
magnetostratigraphic work of Hicks et al. (2003) who identified polarity reversals 
corresponding to the C30n/C29r and C29r/C29n boundaries in Jimmy Camp Creek (our 
Lyco-Luck section) and the JZ section. Our sampling was limited to fine-grained 
lithologies such as mudstones, siltstone, or fine-grained, muddy sandstones and 
overburden was removed before sampling to minimize the effects of modern 
weathering. Slumps and channels were avoided for sampling although site CB1804 
from the 9776 section was later determined to be sampled from slumped material and 
was not included in the final data table (Table 1).   
A GNSS differential GPS (DGPS; Trimble June T41S Model) was used to collect 
waypoints at each sample site and these data were post-processed using a nearby 
CORS data station. These data were used in conjunction with hand leveling to 
determine stratigraphic levels within a section. Correlation between sections is 
challenging. Local lithologic controls are available from the 9789 section to the Bishop 




(Lyco-Luck, Bambino Canyon, Leaf 6, and 9776), however, are difficult to correlate 
lithostratigraphically due to low relief, variable dips, and large covered areas. In order to 
account for the heterogeneity in available lithostratigraphic tracers across the sections, 
elevation from the DGPS measurements is used as the primary stratigraphic framework 
for this study (Figure 1 and Table 1). Elevation error for DGPS measurements like these 
is typically less than 0.5 meters so the superposition of almost all sample sites was 
resolved correctly. In cases where the superposition of closely spaced sites was not 
properly resolved by DGPS (e.g. because of steep overhanging cliffs causing poor GPS 
reception) or where we had clearly erroneous or missing DGPS measurements, we 
estimated elevation values (signified by italics in Table 1 and 2). These estimated 
values were measured using hand leveling or interpolated using field notes and Google 
Earth to calculate the proportional elevation difference between two bracketing sites 
with definitive DGPS values and the unknown site. The difference between the two 
bracketing DGPS elevations was multiplied by the proportion calculated from the 
Google Earth analysis and added to the elevation of the lower sample to derive the 
estimated elevation for the unknown site. Site DB0902 was sampled from the same 
outcrop as CB1735 but during a different field season and was estimated to lie no more 
than 1 meter below CB1735 (Table 1). Elevations for CB1805 and CB1809 could not be 
estimated because they are located in a subsidiary gully to the main Bambino section 
and therefore are not included in the magnetostratigraphic results. The Lyco-Luck 




sections probably due to its relatively long horizontal distance, small change in 
elevation, and relatively steep 3° dip.  
We acknowledge that the stratigraphic thicknesses determined using DGPS 
elevation are minimum estimates of true thicknesses, however this method allows us to 
use a completely independent and objective frame of reference to identify shared 
polarity reversals across sections that could not be correlated lithostratigraphically due 
to outcrop cover. Our identification and correlation of the paleomagnetic reversals at 
Corral Bluffs within an absolute elevation framework will allow for future work to more 
comprehensively model stratigraphic thicknesses using the Chron boundaries as 
stratigraphic datums. 
 
2.2 Laboratory Methods 
Paleomagnetic hand samples were cut into 8 cm3 cubes, retaining the oriented 
surface as one cube face, and analyzed at the University of New Hampshire (UNH) 
Paleomagnetics Laboratory. Samples were measured using a 2G SQUID cryogenic 
magnetometer shielded from the background magnetic field. Demagnetization protocol 
was determined using data from pilot samples and previous studies (Hicks et al., 2003; 
Clyde et al., 2016). Samples were first subjected to stepwise alternating field (AF) 
demagnetization via a Molspin tumbling alternating field demagnetizer at 3mT steps up 
to 30mT, 5mT steps between 30 mT and 60mT, and finally 10mT steps between 60 mT 
and 100mT until the natural remnant magnetization (NRM) fell below the detection level 




demagnetize according to the AF protocol were then subjected to additional thermal 
demagnetization in an ASC Model TD48 SC thermal demagnetizer at 25, 80, 115, 135, 
160, 250, 300, 350, 400, 450, 500, 525, 560, 580,640, 690 C° temperature steps. 
 
2.3 Data Analysis 
After completion of the demagnetization protocol, the sample data were analyzed 
using the PuffinPlot paleomagnetic data analysis program (Lurcock and Wilson, 2012). 
Samples with three or more sequential steps exhibiting linear or quasi-linear decay to 
the origin were characterized using principal component analysis (Kirschvink, 1980). For 
these samples, only those with a maximum angular deviation (MAD) of ≤20° were 
included. A Fisher mean was calculated for samples that displayed an initial decay 
followed by strong clustering of vector end points and no further decay (Fisher 1953). 
Some samples with overlapping unblocking spectra display a demagnetization path that 
was best characterized by a great circle. 
Alpha sites for this study are described using Fisher statistics and defined as 
sites that pass the Watson test for randomness (Watson, 1956) and included three or 
more samples whose ChRM was defined by either a PCA or Fisher mean (or some 
combination). Beta sites are sites that have three or more sample directions but include 
at least one sample characterized by great circle analysis (McFadden and McElhinny, 
1988). Well characterized sample directions from sites that do not meet the alpha or 
beta criteria are still reported (Table 2) and considered in the magnetostratigraphic 






2.4 Isothermal Remanent Magnetization 
 Seven samples from sites spanning the field area were selected to undergo 
isothermal remanent magenetization (IRM) experiments in order to better understand 
the mineralogy governing the magnetic remanence. Samples were selected from sites 
within sections across the field area laterally as well as from the lower sections (Lyco-
Luck) to the highest section stratigraphically (Kunstle), in order to provide a 
comprehensive spread in lithologies and ages. Additionally, this helped to test whether 
poorly behaved samples in the stratigraphically lower Lyco-Luck section differed in 
magnetic mineralogy relative to well-behaved sites that are stratigraphically higher. The 
IRM samples were first cut into cubes <1cm3 and then the x-axis of each cube was 
subjected to a magnetic field of increasing strength within an ASC IM10 impulse magnet 
at discreet steps from 0T up to 1.1T and measured in the 2G magnetometer after each 
step (Figure 5). Upon reaching the 1.1T step, the samples were then subjected to a 
backfield applied in the opposite direction in steps of 100 and 300mT in order to isolate 
the proportion of remanence held by the soft and hard components. From the backfield 
magnetization, it is possible to determine the contributions to bulk remanence of hard 
antiferromagnetic components (e.g. hematite, goethite, etc.) and soft ferrimagnetic 
components (e.g. magnetite, maghemite, etc.) through the calculation of the S-Ratio 
(Stober and Thompson, 1979; Bloemendal et al., 1992; Maxbauer et al., 2016). The S-




magnetization (SIRM) and the IRM at 300 mT (IRM_300mT), divided by the SIRM 
(Maxbauer et al., 2016).  Following the three axis IRM method of Lowrie (1990), a field 
of 1.1T was then applied to the x-axis, 0.4T to y-axis, and 0.12T to the z-axis of the 
samples to separate the magnetization of mineral fractions of different coercivities along 
each axis. The samples were then subjected to thermal demagnetization at the 
following temperature steps: 25, 50 ,86, 109, 132, 150, 209, 250, 275, 300, 325, 350, 
375, 400, 500, 540, 560, 580, 600, 621, 650, and 680 C°. The magnetic intensities of 
the three orthogonal axes were measured at each step and compiled into three axes 




































3.1 Demagnetization Behavior 
The majority of samples responded favorably to the AF demagnetization 
protocol, with only one site (CB1703B) needing additional thermal steps to be fully 
characterized. Thermal demagnetization applied after AF demagnetization did not prove 
to be effective for the vast majority of samples as the remaining high coercivity 
component typically did not exhibit clear demagnetization behavior when subjected to 
these additional thermal steps. This was likely due to the presence of goethite which 
was observed in some IRM samples (see below). Of the 426 samples that were 
analyzed, 185 displayed a linear decay to the origin with characteristic remanent 
magnetizations (ChRMs) defined by PCAs with MADs less than 20°, 121 samples 
exhibited initial decay followed by strong clustering of vector endpoints that were 
calculated using Fisher means, and 69 samples were characterized by great circle 
analysis due to the overlapping unblocking spectra between the components of the 
natural remanent magnetization of the samples. The 51 remaining samples were not 

















































































































































































































































































































































































































































3.2 Site Calculations 
Of the 134 sites for which three or more samples were analyzed, 84 sites fit the 
criteria for alpha sites and 23 sites are considered beta sites (Table 1; Figure 3). Some 
sites did not meet the alpha or beta site criteria but still included samples with stable 
demagnetization so these sample ChRM directions are plotted in their respective 
sections’ magnetostratigraphic plots to help further guide our interpretation. Polarity 
determinations were not possible for sites CB1818, 1819, 1822, 1849, 1852, 1862, 
1874, and 1876 due to highly chaotic behaviors of the samples from these sites and 
were not considered further for analysis.   
 
3.3 Reversal Test 
The reversal test is a standard field stability test in paleomagnetism that tests 
whether the two polarities in a paleomagnetic data set are antipodal to one another as 
one would expect under the Geocentric Axial Dipole (GAD) model of the Earth’s 
magnetic field (Cox and Doell, 1960; Heslop and Roberts, 2018). The mean declination 
and inclinations of the normal polarity alpha sites is 351.9/58.4 and the overall mean for 
all normal polarity alpha and beta sites is 349.1/57.8. The mean declination and 
inclination for the reverse polarity alpha sites is 162.7/-46.9 and the mean for all reverse 
polarity sites is 164.4/-48.3. The 83 alpha sites of both normal and reversed polarities 
narrowly passed the parametric bootstrap reversal test of Tauxe et al. (2018) at the 95% 




small but persistent present-day normal polarity overprint causing reversed polarity 






3.4 Polarity Determinations and Reversal Placement 
 
Polarity determinations for most sites is very clear so paleomagnetic reversals are 
positioned stratigraphically half way between two superpositionally adjacent alpha or 
beta sites of opposite polarity (Figures 5-14). The 9776 section exhibits a polarity 
oscillation close to a reverse-to-normal polarity reversal (Figure 7). Sampling of this 
interval was undertaken along a short ridge and no slumping was apparent and it is 
likely that the oscillation in polarity corresponds to an instability in the field near the 
paleomagnetic reversal. In this case, the paleomagnetic reversal was placed above the 
highest reverse site and below the subsequent normal site.  
A B C
Figure 3: A. Equal area projections of all NRM paleomagnetic sample 
directions, B. ChRM directions for paleomagnetic samples with coherent 





Nine of the 10 sections recorded at least one polarity reversal. The lowest 
sections (Lyco-Luck, Leaf 6, 9789; Figures 5, 8, and 9) exhibit a normal polarity interval 
that switches to reverse polarity at an average elevation of ~1887m. Most of the 
stratigraphically higher sections (Bambino Canyon, 9776, 9789, JZ, Bishop Wash, 
Waste Management; Figures 6,7,9,10,12,13) record a reversed polarity interval at the 
base of the sections that flips to a normal polarity interval at an average elevation of 
~1952m. The Hawkins section is entirely characterized by reverse polarity (Figure 14). 
A
B
Figure 4: A. Mean ChRM directions of alpha normal polarity sites(red) and alpha reversed polarity 
sites flipped to antipodal direction (blue) with overlapping a95 confidence ellipses.  B. Results of the 
parametric bootstrap reversal test of Tauxe et al. (2018) showing overlap of X, Y, and Z components 




The highest section (Kunstle; Figure 11) has a normal polarity zone at the base that 
transitions to reverse at ~2039m elevation. The 9789 section includes two 
paleomagnetic reversals, from normal to reverse polarity at 1880m elevation and from 































Figure 5: VGP plot of the Lyco-Luck 
section at Jimmy Camp Creek plotted by 
DGPS elevation. Closed circles alpha-level 
sites, open circles beta level sites. Small, 
grey circles are samples from sites that did 
not pass the Watson test.  
Figure 6: VGP plot of the Bambino Canyon 
section at Jimmy Camp Creek plotted by 

























Figure 7: VGP plot of the 9776 section 
at Jimmy Camp Creek plotted by DGPS 
elevation. See Figure 5 for symbology.  
Figure 8: VGP plot of the Leaf 6 section 
at Corral Bluffs plotted by DGPS 




















































Figure 9: VGP plot of the 9789 section 
at Corral Bluffs plotted by DGPS 
elevation. See Figure 5 for symbology.  
Figure 10: VGP plot of the JZ 
composite section at Corral Bluffs 
plotted by DGPS elevation. Circles 
represent sites from JZB subsection, 
squares sites from Hillaire-West 
subsection. Bracketed zone interpreted 
by Hicks et al. (2003) to be C29n. See 
























































Figure 11: VGP plot of the Kunstle 
section at Corral Bluffs plotted by DGPS 
elevation. See Figure 5 for symbology.  
Figure 12: VGP plot of the Bishop Wash 
section at Corral Bluffs plotted by DGPS 



























































 Figure 13: VGP plot of the Waste Management Boathouse section at 
Corral Bluffs plotted by DGPS elevation. 
See Figure 5 for symbology.  
Figure 14: VGP plot of the Hawkins 
section at Corral Bluffs plotted by DGPS 














































   
3.5 Paleomagnetic Pole 
The paleomagnetic pole calculated from the alpha sites is 135.3°/81.3° (a95 = 
4.7°) does not overlap with the unflattened or flattened paleomagnetic poles of North 
America from 70 to 60 Ma (Figure 15; Besse and Courtillot, 2003; Torsvik et al., 2012). 
Several factors may be causing this discrepancy. Inclination shallowing and a weak but 
persistent present-day overprint causing shallower than expected VGP values for 
Legend
Corral Bluffs/Jimmy Camp Creek
60 Ma (Torshvik et al. 2012)
70 Ma (Torshvik et al. 2012)
60 Ma (Besse and Courtillot 2003)






Figure 15: Polar equal area projection showing the paleomagnetic pole for this study (red 
diamond) plotted with its a95 confidence interval. 70Ma (green) and 60Ma (blue) 
paleomagnetic poles and corresponding a95 confidence intervals for Laurentia (North 
America and Greenland) from Besse and Courtillot (2003) (circles) and Torsvik et al. 
(2012) (squares). Black star represents the location of present-day Colorado relative to 




reversed sites are likely the predominate contributors to the “far-sided” pole for this 
study.  
 
3.6 Isothermal Remanent Magnetization Experiments 
 The IRM acquisition curves for all samples from Corral Bluffs are characterized 
by a steep increase in intensity up to ~300 mT which is consistent with low coercivity 
species such as magnetite, titanomagnetite, and maghemite (Figure 16). The S-ratios 
calculated from the backfield steps (Maxbauer et al., 2016) are all greater than 0.5 
which are also indicative of a majority of the bulk remanence held by low coercivity 
components (Table 3; Figure 17). CB1824B, CB1827B, and CB1869B show small 
increases in intensity past 300 mT which is indicative of higher coercivity minerals such 
as hematite and goethite in these samples. The backfield data for these samples shows 
that, although these samples have the greatest proportion of high coercivity elements, 
they still have S-ratios greater than 0.8 so are still dominated by a low coercivity phase 
(Table 3).  
 The demagnetization curves of the three axis IRM indicate that the soft axes 
(0.12 T) in all samples initially have by far the highest intensity which is consistent with 
remanence held by low coercivity minerals (Figure 16). There is a considerable drop in 
intensity along the 0.12 T axes of all the samples from 200-500 C° followed by generally 
another significant drop from 540-580 C° at which point the intensity of the soft axes of 
the samples are essentially null. It is difficult to distinguish between the acquisition and 




Both titanomagnetite and titanomaghemite have coercivities that are approximate to that 
of magnetite and can have unblocking temperatures ranging from room temperature to 
580 C° (Lowrie, 1990). Given the fluvial depositional environment of the sediment at the 
field site, it is likely that the primary low coercivity component is detrital 
magnetite/titanomagnetite eroded and deposited during the uplift of the Front Range. 
Maghemite is also likely present in these rocks as it often forms as a product of  
oxidation of magnetite, either through weathering or pedogeic processes (van Velzen 
and Dekkers, 1999).  CB1711C, CB1734B, and CB1821D show a dip in intensity along 
the hard axis (1.1T) between 50 and 100 C° which is evidence of a small amount of 
goethite within these samples. CB1824B, CB1827B, and CB1869B have the smallest S-
ratios and also show a final decrease in intensity along the hard axis above the 580 C° 
step. This is characteristic of hematite, which is the primary hard coercivity component 
within these samples. The minor amounts of goethite and hematite in these samples 









Figure 16: IRM acquisition and three-axis demagnetization curves for samples A: 









Sample SIRM (A/m) IRM_ 300 mT(A/m) S-Ratio 
CB1703A 31.04 -30.07 0.98 
CB1711C 6.07 -5.66 0.97 
CB1734B 40.68 -39.05 0.98 
CB1821D 0.49 -0.43 0.94 
CB1824B 6.15 -4.61 0.87 
CB1827B 2.62 -2.07 0.90 
CB1869B 2.21 -1.61 0.86 
Figure 17: NRM intensity (mA/m) vs S-Ratio for all IRM 
samples. 
Table 3: SIRM and 300mT Backfield step intensities for listed samples. S-








4.1 Correlations of Paleomagnetic Reversals to GPTS 
 
Biostratigraphic indicators from the Corral Bluffs field area such as fragmentary 
dinosaur remains, numerous Late Cretaceous and early Paleocene leaf localities, three 
palynologically identified K-Pg boundary sites, and mammal fossils tentatively assigned 
to the Pu2/3 NALMA stages, constrain the D1 strata in the Denver Basin to the time 
interval from the Latest Cretaceous to the early Paleocene. 
East of Jimmy Camp Creek, at Corral Bluffs, are the Leaf 6, 9789, and Bishop 
Wash sections, where the three palynologically determined K-Pg boundary sites for this 
study are located at approximately 1925, 1910, and 1904 m elevation respectively 
(Antoine Bercovici personal communication; Figure 18). A 206Pb /238U age obtained from 
zircons within the Feral Llama ash yielded a 66.253 ± 0.031/0.045/0.084 Ma at an 
elevation of 1900.4 m within the Leaf 6 section (Tyler Lyson and Jahan Ramezani 
personal communication). Fragmentary ceratopsian dinosaur material (DMNH Loc. 
4195) was identified at 1924.2 m in the Leaf 6 section (Tyler Lyson personal 
communication). 
Hicks et al. (2003) previously identified paleomagnetic reversals corresponding to 




which overlaps with our Lyco-Luck section. The normal polarity zone within our Lyco-
Luck section is interpreted to correspond to the upper portion C30n with a subsequent 
reversed interval interpreted as C29r (Figure 18). Further up section in Jimmy Camp 
Creek, the Bambino Canyon and 9776 sections record basal reverse intervals followed 
by normal polarity intervals (Figure 5 and 6). Due to their clear location stratigraphically 
higher than the Lyco-Luck section, the reverse polarity intervals are interpreted to 
correlate to C29r and the normal polarities to C29n. 
At the base of the Leaf 6 and 9789 sections are normal polarity zones 
corresponding to C30n on the basis of their position below reversed intervals containing 
the K-Pg boundary correlating to C29r on the GPTS (Figure 18). 9789 records a second 
polarity reversal from reversed polarity to normal near the top of the section which is 
inferred to be the C29r/C29n reversal based upon its position above the C30n/C29r 
reversal and the high resolution of sampling through the C29r interval detailing uniform 
polarity until the C29r/C29n reversal (Figures 18). 
Continuing eastward, the JZ composite section, comprising the JZB and Hillaire-
West subsections (Figure 10; Table 1), overlaps with the JZ section of Hicks et al. 2003. 
We sampled within the gap between the highest reversed site and lowest normal site in 
the JZ section of Hicks to increase the resolution in this section. We also sampled 
higher via the Hillaire-West subsection. Our data agree with the determination of Hicks 
et al. (2003), that the transition from the reverse polarity zone to the normal polarity 
zone represents the C29r/C29n boundary based upon stratigraphic relationships (Figure 




(2003) and was not resampled as the C29n/C28r reversal was clearly higher than their 
JZ section.  
The stratigraphically highest section in our field area is the Kunstle section to the 
east of the Hillaire-West subsection. This section records a normal polarity interval 
through the base of the section, followed by a reverse polarity interval and ending with 
mixed polarity at the very top (Figure 11). A large sandstone bed was used to tie the 
Kunstle section to the adjacent Hillaire-West subsection, indicating that the normal 
interval at the base of the Kunstle section likewise corresponds to C29n and the 
overlying reverse zone to C28r. Site CB1854 is a normal polarity site located above 
three reverse polarity sites and below another reverse polarity site, indicating that this 
site may either be strongly normally overprinted or may have captured a short interval of 
instability in the Earth’s magnetic field at this time, possibly related to the next reversal. 
No slumping was apparent across the ridge where CB1854 was sampled and the sites 
are clearly in superposition. 
The Bishop Wash section records the third palynologically determined K-Pg 
boundary near the base of the section at an elevation of ~1904 m, within a reversed 
interval assigned to C29r (Figure 18). The high resolution of sampling through this 
section indicates that the subsequent normal polarity zone must represent C29n.  
The Waste Management Boathouse section records a paleomagnetic reversal 
from reversed to normal and given the stratigraphic position of the section relative to the 
Bishop Wash section it is interpreted that this reversal represents the C29r/C29n 




highway 94 from the Waste Management Boathouse section and is characterized by a 
reversed zone throughout the entire section. The Hawkins section is stratigraphically 
below the adjacent Waste Management section where we identified the C29r/C29n 
reversal, therefore the reverse zone making up the entirety of this section is interpreted 
to be the C29r subchron (Figure 18).  
The patterns of reversals observed at Corral Bluffs and Jimmy Camp Creek are 
correlated here to the interval C30n-C28n, with the top and bottom of C29r observed 
within the 9789 section. The chron boundaries occur at very similar elevations across 
the entire field area, which agrees well with the nearly flat-lying beds observed in the 
field (Figure 18). The proportional thicknesses of the chron boundaries and the K-Pg 
boundary matches well with the GPTS 2012 timescale of Gradstein et al. (2012), which 
is supportive of a continuous depositional record that isn’t disrupted by significant 
unconformities.  
 
4.2 Correlations to Basin-Wide Magnetostratigraphic Framework 
The pattern of paleomagnetic reversals identified at Corral Bluffs and Jimmy 
Camp Creek from this study and Hicks et al. (2003) is interpreted to represent the 
interval from Chrons C31n, and C30n-28r. This represents the longest surface exposure 
in the Denver Basin for which there are chrononstratigraphic constraints. The Kiowa 
core matches closely with these results as it likewise records Chrons C31n, and C30n-
C28r (Hicks et al., 2003; Clyde et al., 2016). The short reversed interval C28r is not 




channel sandstone (Figure 18; Hicks et al., 2003). It also possible to correlate the three 
surface sections of Clyde et al. (2016) from the central part of the basin to our sites as 
these sections span the interval from C29r-C28n.  
 
4.3 Paleontological implications 
Given the reported provinciality of mammalian faunas during the Puercan, it is 
critical to the understanding of regional recovery dynamics to have independent age 
controls at key fossil localities in order to correlate coeval faunas across the western 
interior. It is now possible to tie our new magnetostratigraphy at Corral Bluffs to other 
key K-Pg boundary sites in the western interior (Butler and Lindsay, 1985; Swisher et 
al., 1993; Peppe et al., 2009; LeCain et al., 2014; Sprain et al., 2018; Buckley, 2018; 
Figure 19). 
The Pu1 localities within the Denver Basin occur within C29r, including the 
Alexander locality which is thought to represent an intermediate between Pu1 and Pu2 
faunas (Hicks et al., 2003; Eberle, 2003). The Hell Creek region in Garfield and McCone 
Counties, Montana has yielded Pu1 and Pu3 mammal fossils and is among the best 
paleontologically sampled K-Pg boundary intervals with extensive chronostratigraphic 
controls (Swisher et al., 1993; Clemens, 2013; LeCain et al., 2014; Wilson, 2014; Sprain 
et al., 2018). Swisher et al. (1993) and Lecain et al. (2014) identified paleomagnetic 
reversals interpreted to represent C30r-C28n within the Hell Creek and Fort Union 
formations in Garfield and McCone Counties. Sprain et al. 2018 further refined the 




span C30n through C29n. Pu1 assemblages within the Hell Creek region of Montana 
are located within C29r. The Hanna Basin, which is the only locality that reserves 
Lancian through Pu3 localities in direct superposition, does not as of yet have a 
magnetostratigraphy in which to place these localities (Lillegraven and Eberle, 1999).  
The Pu2/3 fauna of Corral Bluffs described by Eberle (2003) were sampled from 
the C29n interval of Hicks et al. (2003), which corresponds to our JZ composite section 
and our new results support this determination. The Nacimiento Formation in the San 
Juan Basin is the type locality for the Puercan and is currently known to possess 
assemblages interpreted to correspond to Pu2 through Pu3 located within a normal 
polarity zone interpreted as C29n (Butler and Lindsay, 1985; Lofgren, 2004). The Pu3 
localities from the Hell Creek are also interpreted to lie within C29n (Sprain et al., 2018). 
Magnetostratigraphic results from the eastern Williston Basin in North Dakota 
complicate the associations observed elsewhere (Hunter and Archibald, 2002; Peppe et 
al., 2009). The Pu2 fauna from the PITA Flats locality is interpreted to occur within C29r 
based upon their proximity to the K-Pg boundary (Hunter and Archibald, 2002; Fox and 
Scott, 2011). The Pu2 Hiatt local fauna from Makoshika State Park in eastern Montana 
is located within C29r (Hunter et al., 1997). Pu2 assemblages from the Rav W-1 horizon 
of the Ravenscrag Formation in southwestern Saskatchewan similarly occurs within 
C29r (Fox and Scott, 2011). The variable occurrences of Pu2 within C29r and C29n 
could indicate that Pu2 begins within C29r and extends into C29n or that there is 
increased provinciality across the western interior at this time leading to somewhat 




  Increased sampling of localities with high-resolution temporal controls such as 
Corral Bluffs and the establishment of chronostratigraphic controls at localities such as 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 The magnetostratigraphic results reported here indicate that the Corral Bluffs 
area of the Denver Basin preserves a relatively continuous K-Pg boundary stratigraphic 
sequence spanning Chron C30n to C28r.  These magnetostratigraphic results combined 
with three palynologically determined K-Pg boundary sites, and a 206Pb /238U ash date, 
provide one of the very few precisely dated temporal frameworks for a fossil-bearing, 
continental latest Cretaceous to early Paleocene boundary sequence. It is now possible 
to correlate the fossil localities in this area to contemporaneous sites in the basin, 
across the region, and around the globe using the GPTS (Gradstein et al., 2012; Ogg, 
2012). Our results indicate that the Corral Bluffs Pu2/3 fauna lies within C29n, similar to 
what is found in the San Juan Basin of New Mexico and the Hell Creek area of 
Montana. The Corral Bluffs area represents an important candidate for future 
paleontological investigation due to this new high-resolution temporal framework and its 
previously noted presence of early Paleocene vertebrates and high quality Late 
Cretaceous and Paleocene megaflora. Corral Bluffs and Jimmy Camp Creek now 
represents the most extensive surface exposure in the Denver Basin for which there are 
chronostratigraphic controls, allowing for the opportunity to interpret fossil collections 
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Site Section Elev (m) Lon Lat / PCA/Fish/GC Dec (°) Inc (°) a95 (°) n R k VGP Lat VGP Lon
CB1701 Bishop Wash 1904.3 -104.59561 38.84592 0,0,4 207.0 -34.2 42.8 4 3.94 18.1 -59.2 198.3
CB1702 Bishop Wash 1908.2 -104.59324 38.84781 0,3,0 194.1 -68.5 44.7 3 2.77 8.66 -73.8 108.0
CB1703 Bishop Wash 1912.1 -104.59224 38.84773 2,0,1 157.3 -36.4 34.5 3 2.92 18.58 -63.0 308.4
CB1704 Bishop Wash 1919.0 -104.59244 38.84765 1,2,0 139.5 -13.8 29.9 3 2.89 18.12 -41.6 315.0
CB1705 Bishop Wash 1924.2 -104.59190 38.85159 0,0,3 106.6 -45.4 NaN 3 2.96 12.7 -28.8 358.1
CB1706 Bishop Wash 1933.0 -104.59212 38.85552 0,0,3 149.1 -18.1 NaN 3 2.89 4.72 -49.5 306.8
CB1707 Bishop Wash 1935.8 -104.59144 38.85562 0,3,0 164.5 -37.6 14.3 3 2.97 75.67 -67.7 296.7
CB1708 Bishop Wash 1936.9 -104.59077 38.85591 0,0,4 176.9 -53.5 6.5 3 3 10403.3 -84.6 283.9
CB1709 Bishop Wash 1940.6 -104.59073 38.85586 0,3,0 169.9 -37.1 58.6 3 2.64 5.51 -69.9 283.9
CB1875 Bishop Wash 1945.2 -104.59073 38.85582 2,1,0 352.7 43.5 26.2 3 2.91 23.21 75.2 102.2
CB1710 Bishop Wash 1946.1 -104.59071 38.85582 3,0,0 343.2 57.4 10.0 3 2.99 153.11 76.8 167.0
CB1711 Bishop Wash 1948.1 -104.59068 38.85579 3,0,0 1.5 62.0 12.9 3 2.98 92.72 85.5 269.2
CB1712 Bishop Wash 1948.3 -104.58986 38.85611 3,0,0 351.3 58.3 18.7 3 2.96 44.65 83.2 169.4
CB1713 Bishop Wash 1951.3 -104.58982 38.85627 3,0,0 343.8 71.3 10.3 3 2.99 144.67 69.8 228.4
CB1714 Bishop Wash 1953.5 -104.58988 38.85628 3,0,0 8.9 53.4 15.7 3 2.97 62.76 81.4 17.3
CB1715 Bishop Wash 1957.3 -104.58999 38.85646 3,0,0 355.0 63.1 8.4 3 2.99 216.14 83.2 224.2
CB1716 Bishop Wash 1962.1 -104.58988 38.85653 3,0,0 3.8 58.3 2.8 3 3 1984.18 87.0 341.1
CB1717 Bishop Wash 1966.1 -104.58981 38.85663 3,0,0 352.5 62.9 11.9 3 2.98 108.91 82.2 212.1
CB1718 Bishop Wash 1969.7 -104.58977 38.85684 3,0,0 336.4 56.5 25.1 3 2.92 25.1 71.4 167.3
CB1719 Bishop Wash 1973.1 -104.58972 38.85697 3,0,0 340.2 54.2 9.8 3 2.99 158.6 73.7 157.0
CB1720 Bishop Wash 1976.2 -104.58970 38.85702 3,0,0 343.0 65.4 7.2 3 2.99 293.63 75.0 205.8
CB1721 Bishop Wash 1979.4 -104.58959 38.85709 3,0,0 353.8 58.3 11.0 3 2.98 126.48 85.2 168.4
CB1723 Bishop Wash 1984.5 -104.58900 38.85736 0,3,0 281.1 60.0 58.3 3 2.64 5.54 31.6 194.9
CB1724 Bishop Wash 1991.4 -104.58840 38.85725 3,0,0 12.9 54.3 41.4 3 2.8 9.92 78.9 2.9
CB1725 Bishop Wash 1995.9 -104.58768 38.85799 3,0,0 340.9 51.1 14.3 3 2.97 75.77 73.0 146.8
CB1726 Bishop Wash 2001.3 -104.58770 38.85809 3,0,0 347.9 56.8 11.2 3 2.98 121.83 80.3 160.2
CB1727 Bishop Wash 2005.5 -104.58768 38.85823 1,2,0 309.4 59.2 9.6 3 2.99 167.66 51.4 183.7
CB1729 JZB 1944.5 -104.62095 38.86093 0,0,3 162.1 -62.3 6.2 3 3 11527.71 -75.7 10.7
CB1730 JZB 1946.5 -104.62097 38.86095 3,0,0 165.3 -51.7 16.4 3 2.97 57.88 -76.4 321.1
CB1731 JZB 1947.8 -104.62095 38.86097 1,2,0 178.4 -54.0 18.1 3 2.96 47.36 -85.5 272.5
CB1732 JZB 1949.0 -104.62094 38.86099 1,2,0 176.9 -27.3 30.5 3 2.89 17.41 -65.5 262.6
CB1734 JZB 1955.3 -104.62086 38.86106 3,0,0 341.9 58.1 12.9 3 2.98 91.85 75.9 170.5
CB1740 Hilaire-West 2010.1 -104.60355 38.87017 0,3,0 5.0 51.6 21.3 ! 2.94 34.52 82.2 42.1
CB1741 Hilaire-West 2018.3 -104.60400 38.87044 3,0,0 343.6 67.8 49.5 ! 2.73 7.28 73.4 216.7
CB1742 Hilaire-West 2022.1 -104.60439 38.87046 3,0,0 299.7 44.5 29.2 ! 2.89 18.88 38.5 170.1
CB1743 Hilaire-West 2036.2 -104.60172 38.86974 1,2,0 349.3 53.5 39.0 ! 2.82 11.05 80.2 139.3
DB0902 Leaf 6 1883.0 -104.63578 38.84496 0,4,0 159.5 83.3 34.1 4 3.64 8.25 26.4 260.5
CB1735 Leaf 6 1884.1 -104.63579 38.84501 3,0,0 13.1 64.6 13.8 3 2.98 81.36 77.7 302.9
CB1736 Leaf 6 1885.5 -104.63620 38.84553 0,3,0 340.0 30.2 27.0 3 2.91 21.93 61.4 118.7
DB0903 Leaf 6 1886.0 -104.63619 38.84552 2,2,0 5.9 49.1 18.4 4 3.88 26.01 79.9 44.7
CB1737 Leaf 6 1887.2 -104.63700 38.84597 3,0,0 165.07 61.94 35.19 3 2.85 13.33 -6.9 266.3
CB1815 Leaf 6 1888.0 -104.63617 38.84564 0,0,3 182.7 3.8 NaN 3 2.84 3.1 -49.2 251.2
CB1738 Leaf 6 1888.6 -104.63769 38.84668 0,0,3 196.0 -43.1 NaN 3 2.98 28.52 -70.7 206.2
DB0904 Leaf 6 1895.5 -104.63906 38.84793 2,1,0 153.6 -60.6 24.5 3 2.92 26.36 -69.7 1.5
DB0905 Leaf 6 1900.4 -104.63962 38.84921 2,1,0 137.5 -64.5 30.7 3 2.88 17.22 -58.2 13.1
DB0907 Leaf 6 1911.9 -104.64209 38.85116 1,0,2 159.9 -31.9 39.0 3 2.97 28.82 -62.2 300.1
DB0908 Leaf 6 1915.9 -104.64235 38.85136 0,0,3 177.0 -36.7 9.8 3 3 4539.42 -71.4 264.3
DB0909 Leaf 6 1926.1 -104.64304 38.85282 0,0,3 173.0 -22.7 28.2 3 2.9 20.15 -62.3 270.3
DB0910 Leaf 6 1930.0 -104.64350 38.85318 0,0,3 148.1 -36.8 52.2 3 2.7 6.65 -57.1 320.8
DB0913 Leaf 6 1959.4 -104.64322 38.85424 0,0,3 166.7 -40.1 58.2 3 3 140.86 -70.4 294.5
CB1739 Leaf 6 1961.8 -104.64319 38.85429 2,1,0 126.8 -46.0 19.9 3 2.95 39.39 -44.6 347.3
CB1833 9776 1945.6 -104.64253 38.86695 3,0,0 193.8 -58.3 24.6 3 2.92 26.15 -79.3 160.2
CB1830 9776 1949.6 -104.64282 38.86708 3,0,0 176.2 -52.5 23.5 3 2.93 28.48 -83.5 284.3
CB1803 9776 1950.2 -104.64283 38.86712 2,1,0 153.4 -41.7 35.0 3 2.85 13.45 -63.0 319.8
CB1831 9776 1951.1 -104.64280 38.86710 1,2,0 296.6 33.5 56.7 3 2.66 5.8 31.9 163.9
CB1832 9776 1952.9 -104.64279 38.86712 3,0,0 166.9 -59.5 38.5 3 2.82 11.3 -79.8 358.0
CB1802 9776 1954.3 -104.64259 38.86715 3,0,0 356.5 57.2 5.3 3 3 538.42 87.1 145.3
CB1801 9776 1956.7 -104.64268 38.86720 3,0,0 359.2 51.4 6.8 3 2.99 330.92 83.2 81.0
CB1745 9776 1959.0 -104.64328 38.86761 3,0,0 353.3 52.6 9.6 3 2.99 164.7 82.2 121.4
CB1746 9776 1984.1 -104.64317 38.86859 2,0,1 16.8 57.0 10.0 3 2.99 209.56 76.8 345.6
CB1873 Lyco-Luck 1892.3 -104.66481 38.85047 3,0,0 355.6 36.1 14.5 3 2.97 73.59 70.8 87.9
CB1820 Lyco-Luck 1900.2 -104.66004 38.85321 0,0,3 193.2 -22.9 31.8 3 3 443.37 -60.6 228.2
CB1807 Lyco-Luck 1902.0 -104.65764 38.85345 0,0,3 201.5 -62.5 NaN 3 2.95 10.04 -73.2 141.3
CB1748 Lyco-Luck 1906.0 -104.65755 38.85441 1,2,0 177.5 -17.9 29.9 3 2.89 18.11 -60.2 260.2
CB1823 Bambino Canyon 1931.7 -104.58900 38.85736 0,0,3 197.5 -63.3 25.0 3 3 710.76 -75.7 135.3
CB1824 Bambino Canyon 1934.9 -104.58840 38.85725 3,0,0 154.3 -17.7 31.2 3 2.88 16.67 -52.4 299.8
CB1825 Bambino Canyon 1943.6 -104.58768 38.85799 1,2,0 139.3 -39.7 32.7 3 2.87 15.28 -51.8 332.2
 
 



















CB1826 Bambino Canyon 1948.8 -104.58770 38.85809 0,3,0 117.2 -56.5 29.4 3 2.89 18.6 -41.5 4.1
CB1827 Bambino Canyon 1955.3 -104.58768 38.85823 3,0,0 168.4 -53.9 11.9 3 2.98 109.06 -79.7 323.2
CB1809 Bambino Canyon -104.64893 38.86377 0,0,3 111.8 -43.1 NaN 3 2.95 11.06 -31.9 353.4
CB1828 Bambino Canyon 1959.6 -104.64663 38.86328 3,0,0 12.3 38.7 6.5 3 2.99 359.75 70.0 40.0
CB1829 Bambino Canyon 1962.7 -104.64678 38.86333 3,0,0 51.9 64.9 27.3 3 2.91 21.43 51.9 315.9
CB1805 Bambino Canyon -104.64938 38.86433 2,1,0 17.3 59.3 11.4 3 2.98 117.23 76.6 334.5
CB1810 Hawkins 1901.0 -104.58737 38.83270 0,3,0 166.2 -23.4 27.2 3 2.91 21.58 -60.7 283.9
CB1811 Hawkins 1907.9 -104.58495 38.83414 0,0,3 85.1 -60.9 NaN 3 2.67 1.5 -21.7 22.5
CB1812 Hawkins 1937.6 -104.57927 38.83548 0,0,3 74.7 -47.5 47.9 3 3 201.88 -6.9 16.9
CB1814 Hawkins 1951.4 -104.57520 38.83759 0,3,0 125.0 -62.3 35.6 3 2.85 13.06 -49.1 10.5
CB1813 Hawkins 1955.1 -104.57549 38.83756 0,3,0 184.5 -51.7 54.1 3 2.68 6.26 -82.6 224.6
CB1835 Waste Management 1944.5 -104.58053 38.84136 0,3,0 159.2 -60.3 24.7 3 2.92 25.99 -73.9 0.4
CB1866 Waste Management 1946.5 -104.58050 38.84138 2,2,0 146.9 -55.4 39.9 4 3.52 6.27 -63.6 349.5
CB1865 Waste Management 1948.8 -104.58043 38.84136 0,3,0 146.5 -35.7 33.3 3 2.86 14.77 -55.4 321.7
CB1867 Waste Management 1954.6 -104.58034 38.84142 3,0,0 12.8 60.4 7.3 3 2.99 288.66 79.9 326.7
CB1857 Waste Management 1962.1 -104.57928 38.84170 3,0,0 4.2 54.0 6.9 3 2.99 317.96 84.6 36.1
CB1834 Waste Management 1965.5 -104.57942 38.84185 3,0,0 5.4 56.2 11.4 3 2.98 118.2 85.3 9.5
CB1856 Waste Management 1973.0 -104.58229 38.84597 3,0,0 354.3 76.6 49.7 3 2.72 49.66 64.2 249.8
CB1855 Waste Management 1988.0 -104.58209 38.84647 2,1,0 346.7 46.2 27.6 3 2.9 20.98 74.2 123.9
CB1859 9789 1872.6 -104.62469 38.84311 4,0,0 349.1 63.0 28.8 4 3.73 11.12 80.1 203.1
CB1860 9789 1876.8 -104.62784 38.84634 0,4,0 353.5 63.0 26.8 4 3.76 12.76 82.6 216.9
CB1861 9789 1883.8 -104.62723 38.84787 1,0,3 185.3 -40.9 61.0 4 3.89 9.46 -74.0 237.7
CB1863 9789 1902.3 -104.63521 38.85091 3,0,1 155.1 -54.9 21.5 4 3.84 19.29 -69.9 343.2
CB1838 9789 1925.6 -104.63670 38.85554 0,3,0 325.8 -68.4 41.1 3 2.8 10.05 -5.3 95.9
CB1839 9789 1935.5 -104.63637 38.85745 1,0,2 282.5 -48.9 41.8 3 3 261.88 -9.6 134.6
CB1841 9789 1946.7 -104.63589 38.85813 0,0,3 191.6 -57.1 57.4 3 3 144.51 -80.8 169.3
CB1843 9789 1951.8 -104.63573 38.85839 0,3,0 194.4 -64.2 31.1 3 2.88 16.82 -77.2 126.7
CB1844 9789 1954.9 -104.63583 38.85841 0,0,3 176.3 -64.6 45.4 3 3 223.36 -81.9 56.7
CB1845 9789 1958.9 -104.63571 38.85855 3,0,0 165.5 -47.3 17.1 3 2.96 53.06 -74.1 308.9
CB1846 9789 1962.6 -104.63584 38.85866 3,0,0 0.8 60.5 7.2 3 2.99 298.1 87.4 268.9
CB1847 9789 1965.8 -104.63585 38.85870 3,0,0 349.6 52.5 6.4 3 2.99 375.07 79.8 133.8
CB1848 9789 1971.2 -104.63490 38.85886 3,0,0 15.3 58.4 15.9 3 2.97 60.92 78.1 339.5
CB1850 Kunstle 2029.0 -104.59666 38.86847 3,0,0 332.6 57.5 23.6 3 2.93 28.34 68.6 172.0
CB1851 Kunstle 2036.0 -104.59621 38.86927 3,0,0 358.8 59.5 19.2 3 2.95 42.17 88.3 223.7
CB1868 Kunstle 2036.9 -104.59613 38.86965 3,0,0 340.7 55.1 33.2 3 2.87 14.86 74.3 159.4
CB1869 Kunstle 2040.6 -104.59588 38.86971 1,2,0 155.1 -37.0 27.3 3 2.91 21.42 -61.9 312.2
CB1853 Kunstle 2042.4 -104.59593 38.86977 4,0,0 176.1 -31.4 28.5 4 3.74 11.34 -67.8 265.3
CB1870 Kunstle 2043.4 -104.59591 38.86977 0,4,0 166.3 -48.7 23.8 4 3.81 15.84 -75.4 310.3
CB1854 Kunstle 2043.7 -104.59591 38.86980 3,0,0 348.2 56.4 8.2 3 2.99 230 80.5 157.5
CB1871 Kunstle 2045.1 -104.59585 38.86979 0,0,4 136.5 -49.0 12.4 4 4 202.45 -53.4 344.7
Table 1: Site calculations for sites that passed the Watson test (Watson, 1953). Sites are listed in 
superposition by section. Elev refers to site DGPS elevation in meters, italicized values represent 
estimated elevations (see methods) , blank values are for sites where we could not determine 
elevation; Lon/Lat – DGPS Longitude and Latitude of site relative to WGS 84 Datum; α/β- Site 
reliability level (alpha/beta site); PCA/Fish/GC- Indicates number of PCAs, Fisher Means, and/or 
Great Circles (respectively) used to characterize a site; Dec/Inc- Declination and inclination of site 
mean vector; ⍺95 - 95 percent confidence interval of site mean; n- number of samples used in 
site statistics; R- Length of the resultant vector; k- precision parameter; VGP Lat/Lon- site VGP 
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Sample Section Elev (m) Lon Lat NRM Intensity (mA/m) Method Dec (°) Inc (°) MAD/! 95 (°) n points Start (mT) End (mT)
CB1836D Bishop Wash 1901.8 -104.59455 38.84271 2.18 Fisher 57.7 -24.9 4.99 18 3 100
CB1836E Bishop Wash 1901.8 -104.59455 38.84271 2.4 Fisher 138.4 -56.4 5.22 6 20 80
CB1836F Bishop Wash 1901.8 -104.59455 38.84271 2.35 Fisher 138.5 -35.3 4.21 18 3 100
CB1701A Bishop Wash 1904.3 -104.59561 38.84592 3.72 GC 208.0 -44.5 15.00 8 6 27
CB1701B Bishop Wash 1904.3 -104.59561 38.84592 2.81 GC 205.7 -24.8 7.50 4 12 24
CB1701C Bishop Wash 1904.3 -104.59561 38.84592 2.78 GC 217.2 -38.3 38.40 8 0 21
CB1701D Bishop Wash 1904.3 -104.59561 38.84592 7.7 GC 198.5 -28.6 11.20 7 9 30
CB1702B Bishop Wash 1908.2 -104.59324 38.84781 7.89 Fisher 211.6 -66.3 7.09 10 27 70
CB1702C Bishop Wash 1908.2 -104.59324 38.84781 2.12 Fisher 238.7 -56.5 3.52 13 9 55
CB1702D Bishop Wash 1908.2 -104.59324 38.84781 18.5 Fisher 129.2 -55.8 15.68 6 40 70
CB1703A Bishop Wash 1912.1 -104.59224 38.84773 23.4 PCA 166.0 -21.6 14.10 14 21 100
CB1703B Bishop Wash 1912.1 -104.59224 38.84773 22.4 PCA 154.5 -50.9 13.20 6 250 C° 500 C°
CB1703C Bishop Wash 1912.1 -104.59224 38.84773 8.38 GC 149.2 -36.0 11.70 16 0 55
CB1704A Bishop Wash 1919.0 -104.59244 38.84765 64.9 Fisher 134.5 -10.7 !"#! 4 50 70
CB1704B Bishop Wash 1919.0 -104.59244 38.84765 12.37 Fisher 123.6 -11.9 4.49 10 21 60
CB1704C Bishop Wash 1919.0 -104.59244 38.84765 4.88 PCA 161.3 -17.3 11.80 18 6 90
CB1705A Bishop Wash 1924.2 -104.59190 38.85159 1.41 GC 96.0 -48.7 15.40 10 6 35
CB1705B Bishop Wash 1924.2 -104.59190 38.85159 1.31 GC 118.1 -35.9 15.00 8 3 24
CB1705D Bishop Wash 1924.2 -104.59190 38.85159 2.05 GC 103.0 -50.1 11.80 9 3 27
CB1706B Bishop Wash 1933.0 -104.59212 38.85552 6.38 GC 160.0 -15.4 7.00 6 0 15
CB1706C Bishop Wash 1933.0 -104.59212 38.85552 6.41 GC 135.2 -33.7 11.40 6 3 18
CB1706D Bishop Wash 1933.0 -104.59212 38.85552 2.28 GC 150.1 -4.5 3.30 3 21 27
CB1707A Bishop Wash 1935.8 -104.59144 38.85562 58.69 Fisher 156.0 -46.0 27.91 3 80 100
CB1707B Bishop Wash 1935.8 -104.59144 38.85562 49.70 Fisher 166.4 -31.8 5.89 7 45 90
CB1707C Bishop Wash 1935.8 -104.59144 38.85562 35.61 Fisher 169.6 -34.6 4.83 9 40 100
CB1708A Bishop Wash 1936.9 -104.59077 38.85591 14.9 GC 176.8 -53.5 14.90 10 0 27
CB1708B Bishop Wash 1936.9 -104.59077 38.85591 28.78 GC 177.2 -53.1 14.10 15 0 50
CB1708D Bishop Wash 1936.9 -104.59077 38.85591 84.1 GC 176.8 -53.9 15.80 14 0 45
CB1709B Bishop Wash 1940.6 -104.59073 38.85586 10.9 Fisher 144.8 -12.6 4.20 15 6 60
CB1709C Bishop Wash 1940.6 -104.59073 38.85586 10.16 Fisher 201.0 -29.5 19.60 4 40 55
CB1709D Bishop Wash 1940.6 -104.59073 38.85586 3.64 Fisher 165.7 -61.6 8.26 9 24 60
CB1875A Bishop Wash 1945.2 -104.59073 38.85582 15.28 PCA 338.0 54.3 7.80 7 12 40
CB1875B Bishop Wash 1945.2 -104.59073 38.85582 5.31 PCA 351.7 47.9 9.80 8 3 30
CB1875C Bishop Wash 1945.2 -104.59073 38.85582 1.21 Fisher 3.0 27.0 3.04 6 0 15
CB1710A Bishop Wash 1946.1 -104.59071 38.85582 12 PCA 331.3 56.5 13.70 10 24 70
CB1710C Bishop Wash 1946.1 -104.59071 38.85582 4.24 PCA 343.1 57.7 12.80 16 6 70
CB1710D Bishop Wash 1946.1 -104.59071 38.85582 8.41 PCA 355.3 56.9 7.40 17 9 90
CB1711A Bishop Wash 1948.1 -104.59068 38.85579 17.4 PCA 16.7 58.2 8.00 17 12 100
CB1711B Bishop Wash 1948.1 -104.59068 38.85579 17.6 PCA 343.4 63.7 10.40 17 12 100
CB1711C Bishop Wash 1948.1 -104.59068 38.85579 15.13 PCA 1.4 62.1 9.50 16 15 100
CB1712A Bishop Wash 1948.3 -104.58986 38.85611 64.88 PCA 328.4 54.0 8.00 13 24 100
CB1712B Bishop Wash 1948.3 -104.58986 38.85611 208 PCA 1.0 62.3 4.40 13 9 55
CB1712D Bishop Wash 1948.3 -104.58986 38.85611 128 PCA 6.4 55.2 5.40 6 18 35
CB1713A Bishop Wash 1951.3 -104.58982 38.85627 11.10 PCA 325.2 68.7 7.70 20 3 100
CB1713B Bishop Wash 1951.3 -104.58982 38.85627 7.89 PCA 359.5 69.0 15.40 18 9 100
CB1713C Bishop Wash 1951.3 -104.58982 38.85627 10.31 PCA 347.7 74.4 10.80 16 15 100
CB1714A Bishop Wash 1953.5 -104.58988 38.85628 11.7 PCA 2.5 52.1 11.50 17 12 100
CB1714C Bishop Wash 1953.5 -104.58988 38.85628 13.6 PCA 13.3 63.5 10.60 18 6 90
CB1714D Bishop Wash 1953.5 -104.58988 38.85628 15.49 PCA 11.5 44.3 10.20 17 12 100
CB1715A Bishop Wash 1957.3 -104.58999 38.85646 83.5 PCA 6.0 65.0 2.60 19 6 100
CB1715B Bishop Wash 1957.3 -104.58999 38.85646 70.8 PCA 347.4 65.0 2.80 19 9 100
CB1715D Bishop Wash 1957.3 -104.58999 38.85646 46.94 PCA 352.3 58.8 2.90 17 12 100
CB1716A Bishop Wash 1962.1 -104.58988 38.85653 46.1 PCA 5.3 59.8 3.90 12 9 50
CB1716C Bishop Wash 1962.1 -104.58988 38.85653 40.8 PCA 3.5 56.5 5.50 16 15 100
CB1716D Bishop Wash 1962.1 -104.58988 38.85653 22.49 PCA 2.8 58.7 6.00 18 9 100
CB1717A Bishop Wash 1966.1 -104.58981 38.85663 82.07 PCA 344.4 60.1 3.40 17 3 70
CB1717B Bishop Wash 1966.1 -104.58981 38.85663 34.25 PCA 4.4 70.0 15.90 16 9 80
CB1717C Bishop Wash 1966.1 -104.58981 38.85663 17.7 PCA 352.6 57.9 11.70 16 6 70
CB1718A Bishop Wash 1969.7 -104.58977 38.85684 60 PCA 4.3 61.6 5.60 19 6 100
CB1718C Bishop Wash 1969.7 -104.58977 38.85684 14.6 PCA 338.6 58.4 13.50 14 15 80
CB1718E Bishop Wash 1969.7 -104.58977 38.85684 23.4 PCA 316.5 44.7 15.70 17 12 100
CB1719A Bishop Wash 1973.1 -104.58972 38.85697 34.1 PCA 343.8 51.7 3.70 17 12 100
CB1719C Bishop Wash 1973.1 -104.58972 38.85697 13.39 PCA 338.7 61.2 6.20 14 21 100
CB1719D Bishop Wash 1973.1 -104.58972 38.85697 40.52 PCA 338.0 49.7 2.50 17 12 100
CB1720A Bishop Wash 1976.2 -104.58970 38.85702 91 PCA 333.6 62.1 7.30 15 18 100
CB1720C Bishop Wash 1976.2 -104.58970 38.85702 55.16 PCA 350.1 65.7 2.90 18 9 100
CB1720D Bishop Wash 1976.2 -104.58970 38.85702 34.45 PCA 346.9 67.7 3.50 17 12 100
CB1721A Bishop Wash 1979.4 -104.58959 38.85709 48.7 PCA 7.5 61.4 11.40 18 9 100
CB1721B Bishop Wash 1979.4 -104.58959 38.85709 26.1 PCA 344.8 53.8 8.10 17 12 100
CB1721C Bishop Wash 1979.4 -104.58959 38.85709 57.75 PCA 351.5 58.6 3.20 16 15 100
CB1722B Bishop Wash 1981.1 -104.58915 38.85728 45.6 PCA 76.2 -11.1 7.60 15 18 100
CB1722C Bishop Wash 1981.1 -104.58915 38.85728 44.6 PCA 333.5 66.4 5.90 17 12 100
CB1722D Bishop Wash 1981.1 -104.58915 38.85728 42.35 PCA 342.3 58.7 5.60 17 12 100
CB1723B Bishop Wash 1984.5 -104.58900 38.85736 7.8 Fisher 332.1 62.4 6.71 11 3 35
CB1723C Bishop Wash 1984.5 -104.58900 38.85736 3.79 Fisher 231.6 34.9 8.39 12 15 60
CB1723D Bishop Wash 1984.5 -104.58900 38.85736 4.75 Fisher 309.3 56.0 5.51 13 3 45
CB1724B Bishop Wash 1991.4 -104.58840 38.85725 181.5 PCA 355.2 43.9 2.10 16 6 70
CB1724C Bishop Wash 1991.4 -104.58840 38.85725 276 PCA 71.5 65.8 3.50 19 6 100
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CB1724D Bishop Wash 1991.4 -104.58840 38.85725 149.1 PCA 2.8 41.8 5.50 16 15 100
CB1725A Bishop Wash 1995.9 -104.58768 38.85799 334 PCA 336.6 47.4 2.30 18 9 100
CB1725B Bishop Wash 1995.9 -104.58768 38.85799 235.7 PCA 334.7 59.8 2.50 18 9 100
CB1725C Bishop Wash 1995.9 -104.58768 38.85799 722.1 PCA 349.5 45.5 3.50 18 9 100
CB1726A Bishop Wash 2001.3 -104.58770 38.85809 91.7 PCA 0.2 52.5 3.50 19 6 100
CB1726C Bishop Wash 2001.3 -104.58770 38.85809 67.12 PCA 343.0 59.5 6.10 17 12 100
CB1726E Bishop Wash 2001.3 -104.58770 38.85809 78.25 PCA 338.7 57.2 5.90 15 18 100
CB1727A Bishop Wash 2005.5 -104.58768 38.85823 563.3 PCA 314.9 58.4 14.90 10 24 70
CB1727D Bishop Wash 2005.5 -104.58768 38.85823 992.1 Fisher 317.8 59.6 7.68 11 18 60
CB1727E Bishop Wash 2005.5 -104.58768 38.85823 974 Fisher 295.6 58.5 5.13 12 15 60
CB1728A JZB 1941.2 -104.62101 38.86086 9.32 Fisher 229.7 13.9 3.03 18 3 100
CB1728C JZB 1941.2 -104.62101 38.86086 6.18 Fisher 218.2 -12.4 2.84 10 6 35
CB1728D JZB 1941.2 -104.62101 38.86086 8.81 Fisher 166.9 -24.4 5.82 8 6 27
CB1729B JZB 1944.5 -104.62095 38.86093 2.64 GC 161.4 -62.0 14.90 17 0 100
CB1729C JZB 1944.5 -104.62095 38.86093 8.56 GC 162.1 -62.6 7.70 13 0 40
CB1729E JZB 1944.5 -104.62095 38.86093 10.71 GC 162.8 -62.4 12.90 19 0 80
CB1730A JZB 1946.5 -104.62097 38.86095 1.85 PCA 158.8 -48.0 14.20 11 24 80
CB1730B JZB 1946.5 -104.62097 38.86095 13.3 PCA 162.6 -44.8 7.70 16 15 100
CB1730D JZB 1946.5 -104.62097 38.86095 26.98 PCA 178.3 -61.4 2.10 12 27 100
CB1731B JZB 1947.8 -104.62095 38.86097 3.05 Fisher 189.5 -58.9 6.57 19 6 100
CB1731C JZB 1947.8 -104.62095 38.86097 1.27 Fisher 173.1 -60.9 5.63 17 12 100
CB1731D JZB 1947.8 -104.62095 38.86097 5.03 PCA 174.2 -41.6 12.00 15 18 100
CB1732A JZB 1949.0 -104.62094 38.86099 3.12 Fisher 176.9 -46.9 18.36 6 21 40
CB1732D JZB 1949.0 -104.62094 38.86099 1.66 PCA 168.6 -23.2 14.00 17 12 100
CB1732E JZB 1949.0 -104.62094 38.86099 2.01 Fisher 184.7 -11.5 9.00 27 70
CB1733A JZB 1950.6 -104.62093 38.86101 5.15 GC 180.4 -48.8 15.60 14 0 45
CB1733B JZB 1950.6 -104.62093 38.86101 6.5 GC 187.8 -48.4 19.10 8 0 21
CB1733C JZB 1950.6 -104.62093 38.86101 6.93 PCA 30.2 53.8 15.60 19 3 90
CB1734A JZB 1955.3 -104.62086 38.86106 58.93 PCA 347.7 60.1 3.10 15 3 55
CB1734B JZB 1955.3 -104.62086 38.86106 69.7 PCA 353.4 56.2 3.80 17 12 100
CB1734D JZB 1955.3 -104.62086 38.86106 75.05 PCA 325.1 56.0 2.50 17 12 100
CB1740C Hillaire-West 2010.1 -104.60355 38.87017 7.46 Fisher 348.7 43.7 4.43 16 6 70
CB1740D Hillaire-West 2010.1 -104.60355 38.87017 4.32 Fisher 2.8 57.1 5.32 15 0 50
CB1740F Hillaire-West 2010.1 -104.60355 38.87017 6.63 Fisher 25.9 50.9 5.01 18 3 40
CB1741A Hillaire-West 2018.3 -104.60400 38.87044 151 PCA 335.4 51.1 3.20 13 6 50
CB1741B Hillaire-West 2018.3 -104.60400 38.87044 147 PCA 258.0 69.1 5.40 20 0 90
CB1741C Hillaire-West 2018.3 -104.60400 38.87044 73.02 PCA 33.1 54.3 3.70 9 3 27
CB1742D Hillaire-West 2022.1 -104.60439 38.87046 4.17 PCA 294.4 52.8 7.40 18 9 100
CB1742E Hillaire-West 2022.1 -104.60439 38.87046 2.35 PCA 298.6 57.0 5.50 17 9 90
CB1742F Hillaire-West 2022.1 -104.60439 38.87046 8.50 PCA 303.8 23.2 5.70 17 12 100
CB1743A Hillaire-West 2036.2 -104.60172 38.86974 3.55 Fisher 319.8 58.0 3.49 20 3 100
CB1743D Hillaire-West 2036.2 -104.60172 38.86974 4.86 Fisher 346.5 66.6 3.45 18 6 90
CB1743E Hillaire-West 2036.2 -104.60172 38.86974 3.53 PCA 8.2 30.0 10.50 16 3 60
DB0902B Leaf 6 1883 -104.63578 38.84496 1.94 Fisher 130.3 74.8 4.64 11 5 30
DB0902C Leaf 6 1883 -104.63578 38.84496 2.54 Fisher 3.4 61.4 5.17 6 3 15
DB0902D Leaf 6 1883 -104.63578 38.84496 42.7 Fisher 139.9 66.5 3.60 11 3 28
DB0902E Leaf 6 1883 -104.63578 38.84496 2.42 Fisher 220.1 58.4 5.60 11 13 45
CB1735A Leaf 6 1884.1 -104.63579 38.84501 27.73 PCA 7.3 67.6 7.20 14 6 55
CB1735B Leaf 6 1884.1 -104.63579 38.84501 61.06 PCA 31.2 68.4 6.20 9 3 27
CB1735D Leaf 6 1884.1 -104.63579 38.84501 89.4 PCA 5.3 56.4 5.30 10 6 35
CB1736B Leaf 6 1885.5 -104.63620 38.84553 4.95 Fisher 336.2 26.9 6.62 15 9 70
CB1736C Leaf 6 1885.5 -104.63620 38.84553 3.88 Fisher 329.2 19.5 7.34 16 3 60
CB1736D Leaf 6 1885.5 -104.63620 38.84553 6.79 Fisher 358.5 42.6 3.94 17 3 70
DB0903A Leaf 6 1886.0 -104.63619 38.84552 3.28 PCA 11.3 59.9 13.40 10 2.5 22.5
DB0903B Leaf 6 1886.0 -104.63619 38.84552 4.05 PCA 11.9 64.6 12.40 11 2.5 27.5
DB0903C Leaf 6 1886.0 -104.63619 38.84552 2.41 Fisher 0.6 38.5 12.59 4 0 8
DB0903D Leaf 6 1886.0 -104.63619 38.84552 1.96 Fisher 4.6 33.0 4.20 12 0 28
CB1737A Leaf 6 1887.2 -104.63700 38.84597 5.01 PCA 177.6 46.4 !"#$ 16 0 55
CB1737C Leaf 6 1887.2 -104.63700 38.84597 14.2 PCA 201.3 70.2 %#& 14 0 45
CB1737D Leaf 6 1887.2 -104.63700 38.84597 6.23 PCA 123.5 58.2 &#' 8 3 24
CB1815B Leaf 6 1888.0 -104.63617 38.84564 3.68 GC 203.4 15.4 9.10 10 0 27
CB1815C Leaf 6 1888.0 -104.63617 38.84564 20.06 GC 183.3 1.3 4.10 4 24 35
CB1815E Leaf 6 1888.0 -104.63617 38.84564 4.89 GC 162.0 -5.8 10.10 6 3 18
CB1738D Leaf 6 1888.6 -104.63769 38.84668 5.4 GC 186.0 -41.4 17.80 12 0 35
CB1738E Leaf 6 1888.6 -104.63769 38.84668 4.25 GC 206.4 -44.2 14.00 9 0 24
CB1738F Leaf 6 1888.6 -104.63769 38.84668 3.51 GC 196.0 -42.8 13.40 6 9 24
DB0904A Leaf 6 1895.5 -104.63906 38.84793 2.25 PCA 166.7 -61.2 12.30 19 5 65
DB0904B Leaf 6 1895.5 -104.63906 38.84793 1.6 Fisher 119.5 -56.5 4.04 12 3 60
DB0904D Leaf 6 1895.5 -104.63906 38.84793 2.17 PCA 174.9 -56.8 12.30 10 15 100
DB0905B Leaf 6 1900.4 -104.63962 38.84921 1.17 PCA 196.3 -70.8 14.20 9 20 100
DB0905C Leaf 6 1900.4 -104.63962 38.84921 3.85 PCA 125.6 -60.3 6.00 8 15 60
DB0905D Leaf 6 1900.4 -104.63962 38.84921 1.63 Fisher 120.5 -52.2 9.32 7 50 80
DB0906A Leaf 6 1903.05 -104.64076 38.84945 0.62 Fisher 180.6 -23.5 6.86 10 9 60
DB0906C Leaf 6 1903.05 -104.64076 38.84945 0.36 Fisher 150.5 -0.3 21.40 5 40 100
DB0906D Leaf 6 1903.05 -104.64076 38.84945 0.37 Fisher 217.7 -49.3 10.08 19 5 70
DB0907A Leaf 6 1911.9 -104.64209 38.85116 1.74 GC 238.1 157.5 -32.5 8 6 35
DB0907B Leaf 6 1911.9 -104.64209 38.85116 2.82 PCA 161.3 -21.0 9.30 11 12 100
DB0907D Leaf 6 1911.9 -104.64209 38.85116 0.9 GC 160.8 -42.1 12.80 8 0 18
DB0908A Leaf 6 1915.9 -104.64235 38.85136 68.4 GC 177.0 -36.7 6.50 9 18 45
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DB0908B Leaf 6 1915.9 -104.64235 38.85136 49.49 GC 177.2 -36.2 3.70 6 9 30
DB0908D Leaf 6 1915.9 -104.64235 38.85136 32.43 GC 176.8 -37.4 5.30 6 9 24
DB0909A Leaf 6 1926.1 -104.64304 38.85282 1.43 Fisher 159.8 -9.6 5.88 13 6 100
DB0909B Leaf 6 1926.1 -104.64304 38.85282 1.46 Fisher 189.7 -25.4 5.02 12 6 80
DB0909C Leaf 6 1926.1 -104.64304 38.85282 1.69 Fisher 170.5 -31.8 6.33 11 10 40
DB0910A Leaf 6 1930.0 -104.64350 38.85318 1.96 Fisher 134.7 -14.8 15.96 5 15 35
DB0910B Leaf 6 1930.0 -104.64350 38.85318 2.07 Fisher 188.0 -39.1 5.34 8 3 20
DB0910C Leaf 6 1930.0 -104.64350 38.85318 2.66 Fisher 124.5 -47.0 6.11 8 3 20
DB0913A Leaf 6 1959.4 -104.64322 38.85424 34.3 GC 164.3 -42.1 10.30 5 15 35
DB0913B Leaf 6 1959.4 -104.64322 38.85424 34.02 GC 171.2 -38.4 4.20 8 3 30
DB0913D Leaf 6 1959.4 -104.64322 38.85424 41.27 GC 165.4 -41.0 5.60 9 13 35
CB1739A Leaf 6 1961.8 -104.64319 38.85429 4.17 Fisher 144.9 -50.8 2.95 16 9 80
CB1739B Leaf 6 1961.8 -104.64319 38.85429 6.53 PCA 115.7 -48.8 10.90 18 9 100
CB1739C Leaf 6 1961.8 -104.64319 38.85429 18.8 PCA 121.7 -36.5 12.20 15 12 80
CB1833B 9776 1945.6 -104.64253 38.86695 5.38 PCA 173.8 -64.6 11.40 12 21 100
CB1833C 9776 1945.6 -104.64253 38.86695 11.45 PCA 202.9 -66.7 13.00 6 25 80
CB1833D 9776 1945.6 -104.64253 38.86695 8.65 PCA 200.3 -41.8 9.90 18 9 100
CB1830A 9776 1949.6 -104.64282 38.86708 2.18 PCA 163.8 -62.6 4.60 8 20 100
CB1830B 9776 1949.6 -104.64282 38.86708 3.48 PCA 170.7 -38.6 12.80 6 40 100
CB1830C 9776 1949.6 -104.64282 38.86708 2.42 PCA 193.6 -54.3 14.10 14 15 80
CB1803A 9776 1950.2 -104.64283 38.86712 3.17 PCA 148.7 -47.4 16.94 16 15 100
CB1803C 9776 1950.2 -104.64283 38.86712 4.11 PCA 130.0 -37.9 12.10 11 30 100
CB1803D 9776 1950.2 -104.64283 38.86712 7.43 Fisher 181.8 -32.8 1.95 11 27 90
CB1831A 9776 1951.1 -104.64280 38.86710 2.91 Fisher 262.1 40.8 4.30 11 0 70
CB1831C 9776 1951.1 -104.64280 38.86710 3.83 PCA 321.1 57.9 10.90 13 3 60
CB1831D 9776 1951.1 -104.64280 38.86710 1.9 Fisher 266.9 13.4 9.74 7 6 30
CB1832A 9776 1952.9 -104.64279 38.86712 1.85 Fisher 109.6 -60.8 7.92 5 24 40
CB1832D 9776 1952.9 -104.64279 38.86712 3.22 PCA 180.9 -47.7 11.00 7 15 60
CB1832E 9776 1952.9 -104.64279 38.86712 2.16 PCA 192.6 -55.2 14.80 13 24 100
CB1802B 9776 1954.3 -104.64259 38.86715 93.03 PCA 355.1 58.9 3.40 14 6 55
CB1802C 9776 1954.3 -104.64259 38.86715 172 PCA 355.8 53.4 3.80 11 9 45
CB1802D 9776 1954.3 -104.64259 38.86715 174 PCA 358.8 59.3 3.80 13 9 55
CB1801B 9776 1956.7 -104.64268 38.86720 77.47 PCA 5.1 52.7 3.80 15 6 60
CB1801C 9776 1956.7 -104.64268 38.86720 84.65 PCA 354.2 53.3 3.10 13 6 50
CB1801D 9776 1956.7 -104.64268 38.86720 116.6 PCA 358.3 48.0 7.80 11 27 100
CB1744A 9776 1957.5 -104.64310 38.86745 210.7 PCA 354.6 61.8 5.70 11 18 60
CB1744B 9776 1957.5 -104.64310 38.86745 172 PCA 341.8 65.0 5.90 13 15 70
CB1745A 9776 1959.0 -104.64328 38.86761 134.4 PCA 358.0 50.0 2.30 9 6 30
CB1745B 9776 1959.0 -104.64328 38.86761 110 PCA 347.3 49.0 3.70 15 9 70
CB1745C 9776 1959.0 -104.64328 38.86761 112.1 PCA 354.9 58.6 2.70 15 9 70
CB1746A 9776 1984.1 -104.64317 38.86859 86.3 PCA 15.5 57.5 5.10 17 12 100
CB1746B 9776 1984.1 -104.64317 38.86859 69.2 PCA 25.6 58.8 5.30 16 12 100
CB1746C 9776 1984.1 -104.64317 38.86859 42.88 GC 10.3 54.2 29.50 16 15 100
CB1872A Lyco-Luck 1890.1 -104.66569 38.84979 1.37 Fisher 11.8 50.8 7.97 11 3 50
CB1872B Lyco-Luck 1890.1 -104.66569 38.84979 1.65 Fisher 287.7 -37.4 11.11 6 20 50
CB1872D Lyco-Luck 1890.1 -104.66569 38.84979 1.73 Fisher 329.0 39.8 9.15 7 0 20
CB1873B Lyco-Luck 1892.3 -104.66481 38.85047 2.36 PCA 354.8 32.4 12.50 11 3 50
CB1873C Lyco-Luck 1892.3 -104.66481 38.85047 2.3 PCA 1.7 45.9 13.40 10 3 40
CB1873D Lyco-Luck 1892.3 -104.66481 38.85047 2.88 PCA 351.6 30.0 11.30 12 6 80
CB1820A Lyco-Luck 1900.2 -104.66004 38.85321 1.25 GC 194.5 -24.5 16.40 5 30 80
CB1820C Lyco-Luck 1900.2 -104.66004 38.85321 0.41 GC 193.0 -22.9 12.00 4 0 9
CB1820D Lyco-Luck 1900.2 -104.66004 38.85321 0.23 GC 192.2 -21.3 10.70 3 60 100
CB1807A Lyco-Luck 1902.0 -104.65764 38.85345 26.26 GC 199.1 -57.4 9.70 16 0 55
CB1807B Lyco-Luck 1902.0 -104.65764 38.85345 8.72 GC 174.1 -69.9 13.10 18 0 70
CB1807C Lyco-Luck 1902.0 -104.65764 38.85345 4.76 GC 220.6 -56.6 12.80 7 0 18
CB1806B Lyco-Luck 1903 -104.65737 38.85389 3.32 Fisher 142.5 51.6 9.96 11 0 30
CB1806C Lyco-Luck 1903 -104.65737 38.85389 2.1 Fisher 146.5 -32.5 8.64 12 6 45
CB1806D Lyco-Luck 1903 -104.65737 38.85389 0.97 Fisher 89.2 -37.8 6.04 17 6 80
CB1749A Lyco-Luck 1904 -104.65747 38.85426 1.26 Fisher 112.4 -36.7 4.85 20 3 100
CB1748A Lyco-Luck 1906.0 -104.65755 38.85441 1.45 PCA 182.0 -17.3 10.50 11 27 90
CB1748C Lyco-Luck 1906.0 -104.65755 38.85441 1.2 Fisher 155.9 -23.4 3.32 7 6 24
CB1748D Lyco-Luck 1906.0 -104.65755 38.85441 0.93 Fisher 193.2 -11.2 7.86 12 6 45
CB1747A Lyco-Luck 1907.6 -104.65741 38.85453 9.65 Fisher 168.1 -59.1 5.87 13 6 50
CB1747B Lyco-Luck 1907.6 -104.65741 38.85453 1.69 Fisher 163.0 -39.0 9.77 19 6 100
CB1823B Bambino Canyon 1931.7 -104.58900 38.85736 69.21 GC 199.1 -64.6 2.90 14 0 45
CB1823C Bambino Canyon 1931.7 -104.58900 38.85736 49.20 GC 195.8 -62.0 7.10 11 0 30
CB1823E Bambino Canyon 1931.7 -104.58900 38.85736 51.24 GC 197.8 -63.2 8.30 15 3 55
CB1824A Bambino Canyon 1934.9 -104.58840 38.85725 11.3 PCA 139.3 -11.0 13.90 20 3 100
CB1824B Bambino Canyon 1934.9 -104.58840 38.85725 6.74 PCA 147.4 -18.9 15.30 9 24 70
CB1824C Bambino Canyon 1934.9 -104.58840 38.85725 6.67 PCA 177.6 -21.2 13.30 15 18 100
CB1825A Bambino Canyon 1943.6 -104.58768 38.85799 5.03 Fisher 161.4 -42.8 3.45 15 12 80
CB1825B Bambino Canyon 1943.6 -104.58768 38.85799 4.06 PCA 110.5 -37.9 13.00 17 3 70
CB1825C Bambino Canyon 1943.6 -104.58768 38.85799 5.3 Fisher 146.4 -32.7 3.12 15 12 80
CB1826A Bambino Canyon 1948.8 -104.58770 38.85809 1.9 Fisher 104.0 -39.0 9.00 7 40 80
CB1826C Bambino Canyon 1948.8 -104.58770 38.85809 2.55 Fisher 148.3 -67.5 6.01 13 18 80
CB1826D Bambino Canyon 1948.8 -104.58770 38.85809 1.05 Fisher 114.8 -59.2 9.07 5 9 21
CB1827A Bambino Canyon 1955.3 -104.58768 38.85823 6.67 PCA 173.1 -54.4 8.80 13 21 90
CB1827B Bambino Canyon 1955.3 -104.58768 38.85823 7.18 PCA 178.6 -53.7 7.80 14 18 90
CB1827C Bambino Canyon 1955.3 -104.58768 38.85823 3.69 PCA 154.1 -52.0 7.90 12 12 100
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CB1809A Bambino Canyon -104.64893 38.86377 3.48 GC 109.0 -36.4 7.10 5 0 12
CB1809C Bambino Canyon -104.64893 38.86377 7.59 GC 125.1 -40.2 13.90 14 3 50
CB1809D Bambino Canyon -104.64893 38.86377 7.04 GC 99.2 -51.3 12.60 9 0 24
CB1828A Bambino Canyon 1959.6 -104.64663 38.86328 84.51 PCA 8.2 38.4 3.90 13 6 60
CB1828C Bambino Canyon 1959.6 -104.64663 38.86328 476.1 PCA 16.0 41.8 4.90 9 9 35
CB1828D Bambino Canyon 1959.6 -104.64663 38.86328 516.9 PCA 13.0 35.9 4.80 13 9 55
CB1829B Bambino Canyon 1962.7 -104.64678 38.86333 69.96 PCA 33.0 70.1 4.40 8 9 30
CB1829C Bambino Canyon 1962.7 -104.64678 38.86333 94.27 PCA 32.6 74.1 11.40 10 18 55
CB1829D Bambino Canyon 1962.7 -104.64678 38.86333 118.9 PCA 68.9 46.9 7.90 14 12 70
CB1805A Bambino Canyon -104.64938 38.86433 15.59 PCA 22.1 55.9 5.90 5 15 27
CB1805C Bambino Canyon -104.64938 38.86433 1.67 Fisher 22.0 55.8 4.29 17 3 60
CB1805F Bambino Canyon -104.64938 38.86433 120.7 PCA 4.3 65.6 3.30 11 3 35
CB1810A Hawkins 1901.0 -104.58737 38.83270 6.77 Fisher 176.5 -16.1 10.78 8 3 24
CB1810B Hawkins 1901.0 -104.58737 38.83270 3.31 Fisher 165.3 -13.8 16.01 6 6 21
CB1810D Hawkins 1901.0 -104.58737 38.83270 2.5 Fisher 154.4 -39.9 5.50 15 12 80
CB1811B Hawkins 1907.9 -104.58495 38.83414 27.12 GC 102.0 -36.9 18.70 6 24 45
CB1811C Hawkins 1907.9 -104.58495 38.83414 30.26 GC 124.3 -63.4 3.80 3 40 50
CB1811D Hawkins 1907.9 -104.58495 38.83414 31.8 GC 14.9 -56.8 15.80 4 50 70
CB1812A Hawkins 1937.6 -104.57927 38.83548 35.68 GC 77.2 -46.6 14.10 12 27 100
CB1812C Hawkins 1937.6 -104.57927 38.83548 33.22 GC 75.9 -46.3 8.80 4 50 70
CB1812D Hawkins 1937.6 -104.57927 38.83548 25.28 GC 70.7 -49.4 5.50 10 18 50
CB1814A Hawkins 1951.4 -104.57520 38.83759 2.47 Fisher 148.4 -75.0 2.94 20 3 100
CB1814B Hawkins 1951.4 -104.57520 38.83759 2.1 Fisher 92.5 -68.3 8.64 14 0 45
CB1814C Hawkins 1951.4 -104.57520 38.83759 14.73 Fisher 132.0 -38.7 27.41 4 70 100
CB1813B Hawkins 1955.1 -104.57549 38.83756 5.83 Fisher 185.4 -51.3 3.20 20 3 100
CB1813C Hawkins 1955.1 -104.57549 38.83756 3.38 Fisher 221.7 -33.4 2.93 20 3 100
CB1813D Hawkins 1955.1 -104.57549 38.83756 1.05 Fisher 130.3 -50.6 6.43 8 6 27
CB1835B Waste Management 1944.5 -104.58053 38.84136 1.78 Fisher 149.1 -62.8 8.40 11 6 40
CB1835C Waste Management 1944.5 -104.58053 38.84136 0.3 Fisher 178.8 -72.7 7.23 11 3 80
CB1835D Waste Management 1944.5 -104.58053 38.84136 1.11 Fisher 157.6 -43.9 5.57 14 3 50
CB1866A Waste Management 1946.5 -104.58050 38.84138 8.08 Fisher 157.2 -47.0 4.54 9 20 100
CB1866B Waste Management 1946.5 -104.58050 38.84138 4.28 Fisher 166.1 -42.9 3.88 8 15 60
CB1866C Waste Management 1946.5 -104.58050 38.84138 12.2 PCA 59.6 -48.5 7.00 10 12 80
CB1866D Waste Management 1946.5 -104.58050 38.84138 3.41 PCA 173.1 -47.4 11.80 12 6 80
CB1865A Waste Management 1948.8 -104.58043 38.84136 1.87 Fisher 141.8 -35.5 4.37 13 6 100
CB1865B Waste Management 1948.8 -104.58043 38.84136 0.55 Fisher 167.8 -51.7 5.24 13 6 100
CB1865D Waste Management 1948.8 -104.58043 38.84136 1.25 Fisher 136.8 -17.7 2.22 7 15 50
CB1858A Waste Management 1952.1 -104.58042 38.84144 1.67 Fisher 26.9 -27.2 6.82 13 6 80
CB1858C Waste Management 1952.1 -104.58042 38.84144 2.35 Fisher 171.9 39.3 12.83 12 18 100
CB1858E Waste Management 1952.1 -104.58042 38.84144 2.48 Fisher 280.0 -5.2 7.11 9 9 60
CB1867C Waste Management 1954.6 -104.58034 38.84142 28.4 PCA 12.5 62.6 4.30 9 9 35
CB1867D Waste Management 1954.6 -104.58034 38.84142 49.3 PCA 5.3 57.5 2.70 10 3 40
CB1867E Waste Management 1954.6 -104.58034 38.84142 32.2 PCA 21.2 60.7 4.70 7 15 50
CB1857A Waste Management 1962.1 -104.57928 38.84170 55.97 PCA 359.8 55.4 4.00 11 9 50
CB1857B Waste Management 1962.1 -104.57928 38.84170 47.96 PCA 12.6 53.0 7.50 6 9 30
CB1857C Waste Management 1962.1 -104.57928 38.84170 47.51 PCA 359.9 53.3 6.30 12 9 50
CB1834A Waste Management 1965.5 -104.57942 38.84185 32.75 PCA 358.9 58.4 9.20 13 9 100
CB1834C Waste Management 1965.5 -104.57942 38.84185 22.24 PCA 14.8 60.6 14.50 16 12 90
CB1834D Waste Management 1965.5 -104.57942 38.84185 28.17 PCA 3.6 49.2 5.90 17 3 70
CB1856B Waste Management 1973 -104.58229 38.84597 100.3 PCA 273.3 60.3 3.30 16 0 55
CB1856C Waste Management 1973 -104.58229 38.84597 67.94 PCA 354.9 67.2 3.70 15 3 55
CB1856D Waste Management 1973 -104.58229 38.84597 99.28 PCA 65.3 59.1 7.60 9 9 60
CB1855A Waste Management 1988 -104.58209 38.84647 8.84 Fisher 3.9 32.5 7.85 13 18 80
CB1855B Waste Management 1988 -104.58209 38.84647 7.65 PCA 339.8 45.9 10.50 11 9 100
CB1855C Waste Management 1988 -104.58209 38.84647 8.79 PCA 328.7 57.4 13.40 16 3 60
CB1859A 9789 1872.6 -104.62469 38.84311 12.29 PCA 290.0 57.6 13.50 7 15 40
CB1859B 9789 1872.6 -104.62469 38.84311 8.88 PCA 4.6 78.2 13.40 15 9 70
CB1859C 9789 1872.6 -104.62469 38.84311 4.21 PCA 5.0 40.7 13.10 14 0 100
CB1859E 9789 1872.6 -104.62469 38.84311 5.39 PCA 10.7 57.8 13.20 11 3 60
CB1860A 9789 1876.8 -104.62784 38.84634 1.87 Fisher 265.6 69.5 10.52 13 0 40
CB1860B 9789 1876.8 -104.62784 38.84634 1.48 Fisher 22.9 55.8 6.71 9 0 30
CB1860C 9789 1876.8 -104.62784 38.84634 2.14 Fisher 1.1 52.6 5.96 6 3 20
CB1860D 9789 1876.8 -104.62784 38.84634 1.5 Fisher 352.9 53.0 8.78 5 3 15
CB1861A 9789 1883.8 -104.62723 38.84787 2.63 GC 183.6 -40.2 13.70 6 12 40
CB1861B 9789 1883.8 -104.62723 38.84787 3.09 GC 176.0 -47.7 13.40 16 3 80
CB1861C 9789 1883.8 -104.62723 38.84787 3.77 PCA 108.3 -52.8 13.70 9 27 100
CB1861D 9789 1883.8 -104.62723 38.84787 2.78 GC 186.5 -21.2 17.70 8 3 30
CB1863A 9789 1902.3 -104.63521 38.85091 1.3 PCA 150.4 -63.0 6.20 9 27 70
CB1863B 9789 1902.3 -104.63521 38.85091 0.64 PCA 162.7 -44.3 22.70 8 21 50
CB1863C 9789 1902.3 -104.63521 38.85091 1.27 PCA 165.1 -37.7 4.20 8 20 100
CB1863D 9789 1902.3 -104.63521 38.85091 0.87 Fisher 119.7 -70.6 3.86 7 25 100
CB1864A 9789 1905.3 -104.63536 38.85166 4.37 PCA 161.3 -43.6 8.80 7 30 100
CB1864C 9789 1905.3 -104.63536 38.85166 0.65 Fisher 140.9 -21.4 3.51 9 6 100
CB1864D 9789 1905.3 -104.63536 38.85166 4.73 PCA 145.0 -11.5 9.80 9 24 100
CB1837A 9789 1918.2 -104.63599 38.85486 25.58 PCA 358.6 63.6 6.60 14 0 45
CB1837B 9789 1918.2 -104.63599 38.85486 9.02 GC 171.6 -48.8 15.30 17 0 60
CB1837D 9789 1918.2 -104.63599 38.85486 19.61 GC 161.3 -26.7 7.60 3 50 80
CB1837E 9789 1918.2 -104.63599 38.85486 39.18 PCA 353.8 48.5 4.50 7 12 40
CB1838A 9789 1925.6 -104.63670 38.85554 0.74 Fisher 59.0 -72.8 2.62 15 6 60
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CB1838C 9789 1925.6 -104.63670 38.85554 0.94 Fisher 314.6 -48.0 5.26 14 9 60
CB1838D 9789 1925.6 -104.63670 38.85554 0.38 Fisher 302.9 -64.9 4.30 7 15 60
CB1839A 9789 1935.5 -104.63637 38.85745 9.99 PCA 133.7 -27.6 13.50 6 40 100
CB1839B 9789 1935.5 -104.63637 38.85745 29.65 GC 281.6 -48.1 7.30 12 9 50
CB1839C 9789 1935.5 -104.63637 38.85745 14.5 GC 279.8 -48.0 4.20 7 0 20
CB1840A 9789 1941.6 -104.63643 38.85744 0.42 Fisher 141.9 -31.1 9.75 15 6 100
CB1840B 9789 1941.6 -104.63643 38.85744 2.08 Fisher 288.2 33.9 16.90 6 3 18
CB1840C 9789 1941.6 -104.63643 38.85744 1.03 PCA 204.3 -52.8 15.80 6 30 100
CB1841B 9789 1946.7 -104.63589 38.85813 38.34 GC 193.2 -53.7 10.40 10 6 35
CB1841C 9789 1946.7 -104.63589 38.85813 67.06 GC 191.6 -57.2 6.90 12 0 35
CB1841D 9789 1946.7 -104.63589 38.85813 27.39 GC 190.0 -60.2 10.80 10 6 35
CB1842A 9789 1946.7 -104.63592 38.85830 1.51 Fisher 197.2 -61.4 5.03 12 3 40
CB1842B 9789 1946.7 -104.63592 38.85830 1.5 Fisher 218.2 -44.8 7.76 5 6 20
CB1842C 9789 1946.7 -104.63592 38.85830 1.14 Fisher 227.1 28.1 11.21 12 6 45
CB1842D 9789 1946.7 -104.63592 38.85830 1.15 Fisher 335.4 -65.6 19.08 8 9 60
CB1843B 9789 1951.8 -104.63573 38.85839 5.36 Fisher 207.8 -65.1 7.85 8 12 35
CB1843C 9789 1951.8 -104.63573 38.85839 3.88 Fisher 151.9 -56.1 3.80 12 6 100
CB1843D 9789 1951.8 -104.63573 38.85839 2.11 Fisher 227.3 -59.1 4.70 13 3 45
CB1844A 9789 1954.9 -104.63583 38.85841 5.99 GC 179.4 -65.1 17.50 13 0 60
CB1844C 9789 1954.9 -104.63583 38.85841 11.34 GC 176.1 -66.6 8.30 14 0 45
CB1844E 9789 1954.9 -104.63583 38.85841 14.59 GC 173.5 -62.0 18.90 15 0 50
CB1845B 9789 1958.9 -104.63571 38.85855 2.1 PCA 178.0 -45.9 15.30 6 30 100
CB1845C 9789 1958.9 -104.63571 38.85855 0.66 PCA 147.0 -46.8 15.00 7 30 100
CB1845D 9789 1958.9 -104.63571 38.85855 3.68 PCA 171.0 -47.0 10.40 12 21 100
CB1846A 9789 1962.6 -104.63584 38.85866 113.2 PCA 7.1 62.9 2.30 12 9 50
CB1846D 9789 1962.6 -104.63584 38.85866 29.48 PCA 352.8 57.3 2.80 9 9 60
CB1846E 9789 1962.6 -104.63584 38.85866 52.52 PCA 3.9 60.7 3.80 13 9 55
CB1847B 9789 1965.8 -104.63585 38.85870 127.7 PCA 351.7 53.7 2.10 9 6 50
CB1847D 9789 1965.8 -104.63585 38.85870 101 PCA 346.2 55.4 3.10 16 9 80
CB1847E 9789 1965.8 -104.63585 38.85870 58.45 PCA 350.7 48.2 3.60 15 12 80
CB1848B 9789 1971.2 -104.63490 38.85886 3.98 PCA 17.2 52.7 6.20 9 15 100
CB1848C 9789 1971.2 -104.63490 38.85886 4.25 PCA 33.2 62.0 7.50 16 9 80
CB1848D 9789 1971.2 -104.63490 38.85886 4.28 PCA 357.1 58.0 5.90 9 12 40
CB1850B Kunstle 2029.0 -104.59666 38.86847 4.87 PCA 316.8 45.4 10.40 16 15 100
CB1850C Kunstle 2029.0 -104.59666 38.86847 4.56 PCA 330.5 59.7 14.00 13 18 80
CB1850D Kunstle 2029.0 -104.59666 38.86847 4.99 PCA 0.5 63.4 10.50 13 3 100
CB1851B Kunstle 2036.0 -104.59621 38.86927 3.04 PCA 346.0 63.7 13.30 12 18 70
CB1851C Kunstle 2036.0 -104.59621 38.86927 3.42 PCA 1.4 46.4 8.00 9 9 60
CB1851D Kunstle 2036.0 -104.59621 38.86927 2.45 PCA 8.9 67.5 14.60 10 12 40
CB1868C Kunstle 2036.9 -104.59613 38.86965 2.9 PCA 351.2 67.3 9.60 15 3 100
CB1868D Kunstle 2036.9 -104.59613 38.86965 6.96 PCA 343.7 65.8 9.00 12 9 100
CB1868E Kunstle 2036.9 -104.59613 38.86965 5.79 PCA 334.5 30.9 5.70 14 3 600
CB1869A Kunstle 2040.6 -104.59588 38.86971 2.16 Fisher 150.6 -22.7 2.51 10 3 40
CB1869B Kunstle 2040.6 -104.59588 38.86971 1.69 Fisher 150.6 -33.9 3.66 13 6 100
CB1869D Kunstle 2040.6 -104.59588 38.86971 1.28 PCA 168.8 -53.9 14.50 9 15 80
CB1853B Kunstle 2042.4 -104.59593 38.86977 7.87 Fisher 214.8 -24.9 4.99 9 21 55
CB1853C Kunstle 2042.4 -104.59593 38.86977 10.5 Fisher 149.7 -30.7 10.62 6 25 80
CB1853D Kunstle 2042.4 -104.59593 38.86977 1.69 PCA 171.7 -33.3 11.20 6 30 100
CB1853E Kunstle 2042.4 -104.59593 38.86977 3.87 PCA 168.3 -27.8 11.40 5 30 80
CB1870B Kunstle 2043.4 -104.59591 38.86977 14.2 Fisher 151.5 -58.1 6.37 11 18 100
CB1870C Kunstle 2043.4 -104.59591 38.86977 14 Fisher 152.2 -41.3 10.27 7 27 80
CB1870D Kunstle 2043.4 -104.59591 38.86977 4.36 Fisher 164.5 -30.8 13.82 10 21 100
CB1870E Kunstle 2043.4 -104.59591 38.86977 6.87 Fisher 205.8 -57.2 13.56 8 27 70
CB1854A Kunstle 2043.7 -104.59591 38.86980 38.19 PCA 351.8 51.0 14.90 7 18 40
CB1854B Kunstle 2043.7 -104.59591 38.86980 28.31 PCA 349.0 60.2 7.80 13 9 55
CB1854D Kunstle 2043.7 -104.59591 38.86980 32.53 PCA 343.3 57.8 6.60 8 12 60
CB1871A Kunstle 2045.1 -104.59585 38.86979 1.05 GC 135.5 -49.3 26.90 9 9 50
CB1871B Kunstle 2045.1 -104.59585 38.86979 1.15 GC 134.6 -46.2 14.40 9 9 50
CB1871C Kunstle 2045.1 -104.59585 38.86979 0.92 GC 135.4 -47.8 13.00 11 6 60
CB1871D Kunstle 2045.1 -104.59585 38.86979 0.51 GC 140.9 -52.6 14.10 10 3 50
Table 2: Sample data for all paleomagnetic sites that exhibited stable demagnetization 
behavior. Samples are sorted by stratigraphic superposition in each section. Elev - Sample 
DGPS elevation, italicized are estimated values and blank could not be determined (see 
methods); Lon/Lat - Sample DGPS longitude and latitude relative to WGS 84 Datum; Meth - 
refers to method used to define ChRM (PCA, Fisher mean, great circle); Dec/Inc- Sample 
ChRM declination and inclination for PCA and Fisher means and declination and inclination of 
point along great circle path closest to site mean; n points - number of steps used to calculate 
ChRM; Start - starting demagnetization step in (mT) (CB1703B characterized by thermal steps 
in °C) used in ChRM determination; End - ending demagnetization step in (mT) (CB1703B 
characterized by thermal steps in °C) used in ChRM determination. 
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